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i s  paper 
t i o n  was 
i s  e  review o f  those fac to rs  unique t o  mining i n  the A r c t i c  end subaretlc. The 
developed from an exhaustive L i t e ra tu re  search and personal v i s i t s  t o  several  
northern mines i n  North America. 
f h~ 
s t imu le  
. . 
dasi gn, 
ee r a l a  
e i n t e n t  
t a  c o n s i ~  
c o l d  we1 
t ione. 
; i s  t o  p resen t  a b road  ove rv iew  o f  many of these f a c t o r s ,  t o  i d e n t i f y  and 
derat lon o f  paremeters t h a t  ere t i  ke ly  t o  be overlooked by companies end persons 
w l thout  p r l o r  a r c t i c  experience. Topics o f  discussion include explorat ion,  co ld  weather p l a n t  
ather equ  pera at ion, b l a s t i n g  i n  permafrost, L i v i ng  condi t ions and employ- 
n  Nort l  
I n  
-. - 
~i pment n
3 appenolcee e re  a  a r l e r  d iscussion o f  a  number o f  t he  a r c t i c  and subarctic operations 
h America. 
m i n l n g  i n  n o r t h e r n  r e g i o n s  i s  p r a c t i c a l  p r o v i d e d  t h e  d e p o s i t  has s u f f i c i e n t  
vaius r o  support the  higher construct ion,  t ranspor ta t ion  and operat ing costa associeted w i t h  
t h e  remoteness end c o l d  weather. H i r i n g  end r e t a i n i n g  good employees and i n t e g r a t i n g  t h e  
na t i ve  lebor fo rce  i n t o  the operat ion have proven t o  be the most d i f f i c u l t  problems. Equipment 
end p l a n t  operatqon are problems more east Ly solved. 
PUEFACE AND AcKmu- 
This  repo r t  i s  a  reviaad and ed i t ed  form o f  the repor t  by the same authors and o r i g i n a l l y  
t i t l e d  n I d e n t l f i c a t i o n  o f  end S i g n i f i c a n t  Parameters o f  Mining Propert ies Located i n  A r c t i c  end 
S u b a r c t i c  a reas o f  N o r t h  American, under U.S. Bureau o f  Mines C o n t r a c t  No. 50144117. The 
author wiahes t o  acknowledge the  assietanca end guidance o f fe red  by the many people who helped 
make t h i s  repo r t  possible. Dr. Chr is Lambert, Head, Department o f  Minera l  Engineering, Uni var- 
s i t y  o f  Alaska, as thes i s  committae chairman, provided the guidance, advice and encouragement 
necessary t o  keep tho  p ro jec t  moving eheed. Appreciat ion i s  a lso extended t o  the  other member8 
o f  t h e  a d v i s o r y  commi t tee :  Dr. P. Dherme Rao, P r o f e s s o r  o f  Coa l  Technology, U n i v e r s i t y  o f  
Alaska end Dr. E l b e r t  Rice, Professor o f  C i v i  1  Engfneering, Un ivers i ty  o f  ALeeka. E d i t i n g  and 
techn i ca l  review provlded by Dr. Erneet Wolf f ,  Associate Di rector ,  Hinera 1  Indust ry  Raseareh 
laboratory, Un ivera l ty  o f  Alaska, i e  a l so  acknowledged and eppreciatad. 
r t h e r  t h  
Punding 1 
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that  made t h i s  p r o j e c t  possible. 
Specia l  appreciat ion i s  extended t o  the  many f i n o  people employed by the mining companies 
v i s i t ed ,  who took t ime  from t h e i r  du t ies  t o  answer questions, provide techn i ca l  in fo rmat ion  end 
conduct  gu ided t o u r s  o f  t h e  mines v i s i t e d .  S p e c i a l  thanks  a r e  a l s o  extended t o  Char les  
Daneoour, who took t ime  out  from h l s  fami ly 's  hol iday t o  discuss the  Asbestos H i l l  Mine. 
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gut dencr 
d r e f t i n ~  
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i is tance on the photographic iLLustrat ions,  and t o  Dan Terry who cont r ibu ted h i s  
lse t o  the preperet ion o f  the  figurms, 
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,,r p u b l i c a t i o n  by Bruce W. Campbel l  end was t yped  by C a r o l  W e l l s  and L o u e l l a  
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rn tundra/  s tun ted  farming/ r a i n  f o r e s t  
g ra s s  f o r e s t  f o r e s t  
Temperature v a r i a t i o n  from the  mean. (times 2 equals  t h e  range) 
Wind c h i l l  u n i t s :  kilogram-calories p e r  square meter pe r  hour. 
Degree days heat ing:  degrees v a r i a t i o n  below 65OF t imes t h e  number 
of days below 45OF. 
Degree days f reez ing:  degrees v a r i a t i o n  below 32OF times t h e  number 
o f  days below 32OF 
Table 1-1 i s  based on i n t e r p r e t a t i o n  of information presented i n  
The Environmental At las  of Alaska (Johnson and Hartman, 1971). 
F i g u r e  1-1 showe a p o l a r  v iew o f  t h e  a r c t i c  [cc 
t inuoue permafrost l  areas o f  the Northern Hamispl 
the B r o ~  
i c  Zone 
de of  tl. 
ks Range 
ate o f  Al 
e t h e  sul 
.- - .  . 
la ~ l a i k E  
and are, 
s pe rma f ros t1  and s u b a r c t i c  [d iscon-  
Leska, r e  
b e r c t l c  
. .  . 
le work a 
l t l n e n t e  
- .  . 
~f C.E. Wi 
1 and t r  
Johnson and Hartman, i n  descr ib ing the cLiml 11y on t h  
U.S. Weather Bureau. Watson p r e f e r r m d  t o  d i v i  d i n t o  cor 
t i o n a l  zones. Table 1-1 i s  a summary o f  Watsonms c i l m a t l c  ~reakdown o f  Alaska w f t h  ten 
ture,  p r e c i p i t a t i o n  and k i n d  fac to rs  compared. The Mar i t ime Zone includes e l l  o f  Souther 
Alaska, the A leut ian  Is lands,  Kodiak I s l a n d  and the coaat along southern Alaska. The TI 
t i o n e l  Zone includes a l l  af western Alaske south of Noma and the Susitna River, Cook I n l ~  
Copper R i v e r  araaa sou th  o f  t h e  ALeska Ranae. The C a n t t n e n t a l  Zone ex tends f rom t h e  
slope o f  oks Range t o  the south s i  ~ n d  west t o  McGrath. F ina l l y ,  
the Arc t  inc ludes a l l  o f  the Broo , and extends southwest near ly  
t o  Noma. 
. . .  
I Range r 
es nor th  
Btson, 






e n ~ ~ t h  
I n  Ganada, t h e  A r c t t c  and s u b a r c t i c  a reas ex tend f a r  t o  t h e  sou th  i n  m i d c o n t i n a n t  and 
swing no r th  neer the  At  l a n t i c  Ocean. Scandinavia, despite i t s  northern Location, has e tempe- 
ra te  cl imate. Discontinuous permafrost i s  found i n  northarn plateau erses. Northern European 
Rusaia he8 e subarc t ic  cl imate. I n  Siber ia,  the co ld  pole o f  the Northern Hemisphere i s  found 
a t  Oymyakon ( 6 ~ ~ ~ 1  where t h e  mean Januery tamp -9!i°F. 
Gold and diamonds are mined neer Uymyekon ( H a l l ,  
The 
western 
i n f  luanc~ 
Russia b 
ma the  c 
he Gul f  
and easl 
o f  Mexic 
:arn Si  be 
warm Jay 
a r c t i c  and s u b a r c t i c  c l i m a t e  has been pushed f a r  t o  t h e  n o r t h  i n  Scb,,,,,,,.,a end 
y the warm ocean cur rents  from t :o. The i r r e n t  
l ima ta  i n  western Canada, Alaska )r ia.  
neon ana Hartaan co r rec t l y  p o i n t  ou t  t h a t  permafrost below the A r c t i c  tundra prevents 
r a i n f a l l  from soeking i n t o  the ground, r e  
cant  r i v e r  run-off. This, when combined 
r a t i o n  rates, provides an adequate water 
i n  a r i d  cond i t ions  elsewhere. 
l a u l t i n g  
w i t h  t h l  
SUPPLY 
i n  many 
3 Low BVI 
despi t e  
Lakes, w 
1 r e t a  or 
f t a t i o n  I 
e t  muske 
ld  Low w s  
rate that 
g and s i ~  
i n t e r  t r r  
: would t 
U(P WRATION AND DEVELOPMENT 
response 
c t i c  end 
i a l l y .  ' 
t o  the  need f o r  o i l ,  ne tu re l  gas, coa l  and other minerals, exp lora t ion  a c t i v l -  
subarc t ic  arees he$ in tens i f ied .  Much o f  the area has been invest iga ted only 
super r ic  The seeaonal nature o f  a r c t i c  working cond i t ions  d l c ta tas  met i  culous planning, 
Large inventor ies,  back up systems, and emergency supply sources. 
M i r  
spent  i n  
. . 
increase 
T e r r i  t o r  
1e re1  ex1 
I t h e  Nor 
- .. 
d  25 m i l  
i e s  [Nor 
p l o r a t i o n  18 b i g  bus inese i n  Canadian North. E igh teen  m i  1  L ion  do1 l e r s  were 
t h w e s t  T e r r i t o r i e s  i n  1974 on t h e  see rch  f o r  base me ta l s ,  uranium, g o l d  end 
s i l ve r .  r n  tne Yukon Te r r i t o r y ,  12  m i l l i o n  do l l a r s  were spent. Exp lore t ion  a c t i v i t y  i n  1975 
Lion do l l a r s  i n  the Northwest T e r r i t o r i e s  and 16 m i l l i o n  do l l a r s  i n  the Yukon 





cos t  Lev 
vehiclee 
ta t i on ,  
l i c e  t o  t 
ousend f 
o r t  wee 
- . '  
es, f u l l y  one h a l f  o f  the  t o t a l  exp lora t ion  budget i s  devoted t o  t ranspor ta t ion  
Modes o f  t ranspor ta t ion  include barge, ca t  t r a in ,  snow road, hovercra f t  and 
. Due t o  a  Lack o f  road and r a i l  f a c i l i t i e s  and the  seasonal nature o f  watar 
exp lora t ion  crews r e l y  heevi l y  on a i r  support. 
- W-n provide year round servfce by u t i l i z i n g  i c e  runweys on a lake o r  bey dur ing 
the  w in te r  and grave l  r i v e r  bars i n  the summer. L igh t  a i r c r a f t  equipped w i t h  f l o a t s  cen use 
Lakes end broad r ivers.  During development o f  the  r i c h  i r o n  deposits a t  Mary River on B a f f i n  
I s l a n d ,  B e f f i n l a n d  I r o n  Mines Ltd. used t h e  f r o z e n  Sheardown Lake as a  Lending s t r i p  f o r  
Nords i r  DC-4 Conste l la t ion  f r e i g h t  serv ice [Watts, and Megi l l ,  19651. Nordeir provides Booing 
737 sa ru  he N a n i e i v i k  development on B a f f  i n  I s l and .  The Boe ing 737 was Landed on an 
e igh t  t h  'oot i c e  runway on Strethcona Sound whi le  the  3.5 m i l l i o n  d o l l a r  A r c t i c  CLasa 
"8" a1 r p  under  construction [Yates, 19751. Tab le  2-1 d i s p l a y s  a  c o s t  comper iaon o f  
ava i l ab le  f r e i g h t  serv ice  from Edmonton, A lber ta  t o  Inuv ik ,  Northwest Te r r i t o r i es .  The 1982 
e l  i s  near ly t w i c e  t h e t  o f  1975. 
ruck h Berge Edmonton I n u v i  k  5.0 
 ruck. Edmonton Hay River  16.5 
A i  r Hay R l  ver I n u v i  k  
Truck Edmonton Whitehorse 16.0 
i r Whitehorse I n u v i  k 
i r f r e i g h t  Edmonton I n u v i  k  
i r container Edmonton Inuv i  k  
ource - Deyel l  [I9751 
Exp lora t ion  crewa ere  o f t an  served by sme l l  plenea Like the P iper  PA-18 "Super Cub" which 
can land on r i v a r  bars end bare r idges which would be unsui table f o r  other a i r c r a f t  [Grybeck, 
19761. Hel icopters,  however, are the main work horse o f  the exp lora t ion  crew. Although the 
r e n t a l  r a te  f o r  a  he l i cop te r  o f  s i m i l a r  pay Load i s  approximately th ree t imes t h a t  o f  a  f i x a d  




t r a i n s  and snow roads are used f n  the  arc t ic  f o r  moving heavy Loads. Cat t r e l n s  are 
uaed i n  the w in te r  months when the ground i s  f rozen and protected by a Layer o f  snow. Crawler 
t r a c t o r s  smooth a  pathway and other t r a c t o r s  p u l l  Large ~ L = U -  "h ich car ry  f re igh t .  Increased 
l a b o r  c o s t  and c o m p e t i t i o n  f rom Large f r e i g h t  a i r c r a f t  have reduced t h e  use o f  c a t  t 
Snow roads, bu t  Ld o f  compacted snow and i c e  w i t h  a s u r f a c e  capable o f  s u p p o r t i n g  a  s t €  
highway t r a c t o r  t r a i l e r  can be used as an a l t e r n a t i v e  t o  ca t  t ra ins.  Snow roads are bu4L. 
snow accumulated along snow fances, from reworked snow i n  place o r  from a r t i f i c a l  i c e  and 
Such a  road was used f o r  supplying const ruc t ion  camps dur ing DEW Line construct ion and l a t e r  
d u r i n g  a r c t i c  o i  1  development. Snow roads o f t e n  take  advantage o f  t h e  f l a t  su r faces  o f  a  
frozen r i v e r  o r  Lake. Roads crossing r i v e r  o r  Lake i c e  are o f t en  re in forced by increesing the 
i c e  thickness o r  by prov id ing  s t r u c t u r a l  reinforcement [Rhoads, 19731. I c e  can be thickened by 
c lee r i ng  the  snow t o  increase heat t rans  'ace t o  f 
Brush, I  1 plenks can a lso  be f ro ;  Load ca 
capacity , 19731. 
ra ins .  
~ n d a r d  
t from 
I snow. 
f e r  o r  b, 
Zen i n t o  
Y pumpin 
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g  water 
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on the r 
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'oad sur f  
ease i t s  
'reeze. 
r r y i n g  
Shipmanta v i a  w a t e r  r o u t e s  on t h e  a r c t i c  a r e  h i g h l y  seasonal. Barge t r a f f i c  on Large 
r i v e r s  can be u t i l i z e d  from June i n t o  October. Barge shipment t o  t i c  coast from Seett l e  
can be c a r r i e d  o u t  o n l y  once each year. The wa te r  i s  i c a - f r  Long enough t o  a l l o w  
unloading and return. The nav igat ion  season i n  Hudson StraSt i s  ,ad t o  the three month 
per iod  from the end of July t o  the and o f  October [Thur 1 -  shipmanta t o  L i t t l a  Corn- 
w a l l i s  I s l a n d  f o r  development work a t  t h e  P o l a r i s  P r o j  i mid- 
summar. Ships w i t h  specfa l ly  strengthened h u l l s  t o  w i  sd f o r  
sh i  pmenta i n  the Canadian A r c t i c  Is lands [Redpath, 19741 
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a c i  ty ,  
-rL - 
spersenesa o f  the  popu la t ion  I s  f u r t h e r  i l l u s t r a t e d  by the f a c t  t h a t  4,498 people Live 
38, 281 square m i  La N o r t h  Slope Borough [D i  r e c t o r y  o f  Borough and C i t y  O f f  i c i  a l e ,  1875 
operator  cannot expect t o  f i n d  fue l ,  food and serv ices i n  a  smal l  a r c t i c  v i l l a g e  i n  qu 
f o r  a  summer long f i e l d  e f f o r t ,  Th- - -su l t ing  Long supply l i n e s  requi  re  a  Larger then tlul 




. 3 -. L a- 
 lora at ion i n  t h e  e r c t l c  i s  a seasonal s f f o r t .  r i a  i s  normal ly  c a r r i e d  out  i n  the  
months, Hey through September. t ak ing  advantaga farm weather and extended day- 
i i g n s  nours. Problems a r e  more eavere i n  t h e  w i n t e r  monrns. I he  expected w o r k i n g  day l i g h t  
hours  f o r  any g i ven  month and L a t i t u d e  f o r  F1 !-I. The va lues  found on t h i s  
c h e r t  'are t h e  numbers o f  hours  t h a t  ou a c t  s  pe r fo rmed  w i t h o u t  a r t 1  
L igh t i ng  [Johnson end Hertman, 19711. 
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Another eeasonal cons t ra in t  imposed on a r c t i c  exp lora t ion  i s  the  cond i t ion  o f  the tundra. 
Low ground pressure vehic les are required f o r  summer t raverse o f  t rundra areas. Tests reported 
by B u r t  (19711 i n d i c a t e  t h a t  Low ground p ressu re  v e h i c l e s  do n o t  e f f e c t  t h e  depth  o f  thaw o f  
the ac t i ve  Layer o r  the parmafroat, and the t racks  requ i re  reseeding only a t  po t  holes. These 
t e s t s  w pe r fo rmed  on s l o p i n g  t a  TI as f o r  r 
program$ i t e d  by t h e i r  slow speed, litq ra in ,  an 
nance. 
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The g r e a t  a l s t e n c e s  i n v o ~ v e d  i n  a r c t i c  work r e q u i r e  goo0 communication L,,- -- - -  - 
inter ference can come from magnetic storms and associated e l e c t r i c a l  disturbances, Long range 
and non l i ne -o f - s i gh t  communicat ions  r e q u i r e  s i n g l e  a i d e  band [SSBI rad ios .  The GecLog ice l  
Survey of Canada uses a  CH25-SSB receiver t r a n s m i t t e r  a t  base camps Located i n  the a rc t i c .  F l y  
camps are  equipped w i t h  sma l l  por tab le  SEX-11-SSB radios which are powerfu l  enough t o  communi- 
cate w i t h  p (Kerr, 19741. 
Radio 
the be ~ s e  cam 

Very h i g h  f requency [VHFI r a d i o s  e r e  adequate f o r  L i n e o F s i a h t  end s h o r t  d i s t a n c e  use. 
L igh t  a i r c r a f t  and he l icopters  ere equipped w i t h  ' li I 1 be considered . 
t o t a l  communications system. 
Permafrost w i  11 
Permaf r o s t  r e s t r i c t s  
Work by A l l a n  and Ho 
o f  seisr 
' ions, h 
VHF ra t  i n  the 
18, a r t  
samp l e  
s e l f  pot1 a n t i a l  el urveys [ I  a f f e c t  the  r e s u l t s  n ic  and I iee ~ n a p s a r  31. 
upward migra t ion  of i nde r i ng  geochemical prospecting [Wolf f ,  19731. 
rnbrook I19701 i n  the Coppermine River region o f  the Northwest T e r r i t o r i e s  
ind ica tes  t h a t  copper ions do migrate i n  permafrost  regions and t h a t  meaningful anomalies can 
be found from Large Lake water, stream sediment, and surface s o i l  samples. Geochemical pros- 
pec t ing  wey be aided by the rap id  s o i l  r i s i n g  associated w l t h  s o l i f l u c t i o n  end f r o s t  heaving 
[Wol f f ,  1973 and A l l e n ,  19701. N a t u r a l  f r o s t  b o i  8as o f  b roken v e g e t a t i o n  expos ing mud 
from t h ~  on, provide good geochemical so l  L s [Wolf f ,  19731. 
Beeeuee or  Low p rec ip i t a t i on ,  some areae i n  tne a r c t i c  end subarc t ic  wera never glaciated. 
Theee areas present d l  f f e r e n t  exp lora t ion  problems than g lac ia ted reg11 3 nonglaciated 
areas have had more t ime  t o  weather, thus increaeing the byproducts of 
minerals. I t  i s ,  moreover, much eas ier  t o  t r ace  anomali where the s o i  1 
had not  been t ransported by g l a c i a l  ac t i on  [Aho, 19661. 
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I n  t a d  areas, s o i l s  are mat1 Pfective. On the o ther  
hand, t h  B do not  cu t  f resh rocks ~t sampling i s  reduced. 
I t  shoul ted,  however, t h a t  t h e  lng, and t h e  depth o f  
weathering mey oe Lees then i n  warmer reuions. ~ m s  maKes geocnemica~ end geophysical methods 
more e f f e c t i v e  [Aho, 19661. 
PERMAFROST AND FROZEN GROUND 
a any rock o r  s o i l  ma te r i a l  t h a t  has remained below [32'~1 continuously 
o r  Z W O  o r  more- veers  [ F e r r i a n s ,  Jr., 19891. T h i s  d e s c r i p t i o n  i s  independent o f  m o i s t u r e  
o r  s o i l  charac ter is t i cs .  Permafrost ground can be dry, contain i c e  
s o l i d  ice. Moisture content, s o i  1 gradet ion and so i  1 tempereture are 
ns ider ing  the engineering proper t ies  o f  f rozen ground. 
a f r o s t  i 
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I c e  occu rs  i n  t h e  f r o z e n  ground as c o a t i n g s  on so4 1 g ra ins ,  c r y s t a l s ,  lenaes, wedges o r  
~ess i ve  ice. I c e  lanses and Larger ereas o f  massive i c e  ere formed by moisture migre t ion  as 
escr ibed under the sec t ion  on f r o s t  heaves. I c e  wedges form when surfece water enters a crack 
n tho ground end freezes. Repeeted f reez ing  and f l  [L ing  forms i c e  wedges which ere t r i a n g u l a r  
n shape end p o i n t  downward. The top o f  the  i c e  wadge t r i a n g l e  i s  a t  the bottom o f  the ac t i ve  
ayer. I c e  wedges may grow u n t i  1 they  connect  w i t h  ad jacen t  wedges. Since t h e  ground con- 
r a c t s  I n  t h r e e  dimensions,  t h e  c racks  fo rm p o l y g o n a l  shapes. These polygons very i n  s i z a  
c c o r d i n g  t o  t h e  t e n s i  Le s t r e n g t h  o f  t h e  ground. R ice  and A l t e r  (19751 i n  d e s c r i b i n g  f rozen  
g ive  en exce l len t  account o f  i c e  wedge formation. round phc 
The 
Enamenon 
depth o f  permefroat i n  an area can be est imated when the mean annual temperature end 
ha eo the rma l  g r a d i e n t  e r e  known. The average geothermal  g r a d i e n t  I s  3 ' ~  pe r  100 me te rs  B 1.8 F p e r  100 f e e t 1  depth  [Rice,  19751. The a c t u a l  g r a d i e n t  cen be measured by p l a c i n g  a 
hermo--couple s t r i n g  i n  a v e r t i c a l  hole. Figure 3-1 gives a grephical  representat ion o f  the 
e r rna f ros t  t empere tu re  system. Thus, t h e  bo t tom o f  t h e  p e r m a f r o s t  i s  t h e  p o i n t  a t  wh ich  t h e  
red ient  crosses the OOC l ine. The cone shape a t  the top  o f  the curve represents the L i m i t s  o f  
the seaso ntion. Tha bottom o f  the a c t i v e  Layer i s  the  po in t  a t  which the la o f  
the  cone osses the  oOC Line. The ac tua l  ground temperature curve w i l l  d the  
season. > l a s h  cu rve  i n  F i g u r e s  3-1. The e f f e c t  o f  t h e  warm summer tam! I can 
s t i l l  be I Lhe ground temperature curve dur ing  the winter. 
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r l  mpoeed are  the e f f e c t s  o f  c l i m a t i c  h le tory ,  vegetatior Logy, 
r, fares' i d  man's a c t i v i t y .  Computer enelyals o f  temparatur date 
:eslng,  C I e  warm c l i m a t i c  p e r i o d  f rom 900 t o  1100 A.D., a c o i o  p e r i o d  
ram l a u d  t o  1751-1 A.U. ancl a warm p e r i o d  f rom 1800 t o  1940 A.D. [Jessop, 19721. Vege ta t i on  
c t s  as an i n ~ u l e t i o n .  When t h i s  i n s u l a t i o n  i s  modi f ied  by f i r e ,  flood, o r  man's a c t i v i t y ,  the  
emperature balance o f  the permafrost changes and can r e s u l t  i n  a d ras t i c  degradation i n  the  
ermaf roat .  
s deep el 
90 i n  S i i  
ke can b 
L a -  ..>-A 
Ca ke! nough so t h a t  they do no t  freeze t o  the bottom have e thaw bulb beneath them 
hat  v a r i ~  ce depending upon the age of tho Lake. Th is  thaw bu lb  and the unfrozen water 
n t h e  La e e source o f  water. Very o l d  Lakes have no permaf r o s t  beneath them. I f  a 
ske o f  t n i e  Kina ahould fill o r  become drained, the permafrost advances i n t o  the thew bulb, 
e f r e e z i r  round. As t h e  r e f r e e z i n g  process  edvances f rom e l l  d i r e c t i o n s ,  an area o f  
n f r o z e n  ay ba t rapped, and t h e  f r e e z i n g  p ressu re  f o r c e s  t h i s  water  t o  t h e  e u r f e c e  
ventual 1: g en i c e  mound known as a pingo. 
l g  t h e  g~ 
wate r  m 
y formin! 
r t rappel 
nrby s lo l  
beneath 
Wate d beneath a t h f n  Leyer o f  permefroat may be under a r tes ian  pressure generated 
from a nel 36. A source o f  warmth may me l t  the permafrost, re leas ing water under pres- 
sure from tho permafrost Layer. A pingo may a lso  form i f  t h i s  ar tes ian  water reaches 
the surface through a crack [Rice, 19711. 
I I impermeabi l i ty  of the permafrost o f t e n  r e s u l t s  I n  a super saturatad cond i t i on  
IC sr, Th is  saturated s o i l  mey creep down the slope, causing meny problems f o r  
~ v m r o p e r ~ -  .... J down s lope  movement, s o l i f l u c t i o n ,  can occur  on s lopes  as g e n t l e  as t h r e e  
arcent [Fsr r ians ,  19691. 
Newc~ 
I n o r  po l l  
i n t e r  se 
the  North ere of ten puzzled t o  f i n d  t h a t  ob jec ts  placed i n  the ground such as 
box posts, SUFVey monuments o r  r idge p i l a s  r i s e  out  o f  the  ground over a few 
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\DIENf IN PERMAFROST 
RADIEN'I 
InnrT 
The f r o s t  j ack ing  process requires f ine-grained s o i l  t o  promote water movement by c a p i l l a r y  
action. Aa the c o l d  begins t o  penetrete the ground from the surface downward, s o i l  freezes t o  
the post. Watar i n  the ground migrates by c a p i l l a r y  a c t i o n  t o  the f reez ing f r o n t  and forms i c e  
Lenses. These Lenses usua l ly  [depending on permeabi l i t y l  continue t o  grow a f t e r  the  f reez ing 
i s o t h e r m  has moved deeper beceusa t h e  h i g h  p ressu res  i n  t h e  pores  a l l o w  t h e  wa te r  t o  remain  
unfrozen a t  temperatures below DOC. The water migrates t o  c r y s t a l  l i r a t i o n  centers where i t  
freezes i n  Lansas. As these Lenses form end grow, the  surface o f  the  ground i s  pushed upward. 
I f  the s t rength  o f  the  i c e  bond t o  the post [adfreeze strength1 i s  greater  than the resistance 
forces, the post  moves upward w i t h  the heaving ground. When the ground begins t o  thaw [ f rom 
i w a r d l  I t  s e t t L e s  eround t h e  pos t ,  wh ich  i s  p reven ted  f rom r e t u r n i n g  t o  i t s  
n by the frozen so i  1 benaeth. 
t h e  s u r f  
o r i g i n a l  
'ace dowr 
posi t i 0 1  
There a r e  s e v e r a l  s o l u t i o n s  t o  t h i s  problem. The most e f f e c t i v e  b e i n g  t o  a u f f i c i e n t l y  
anchor the ~ b j e c t  o  insure adequate resistive forces t o  the heaving action. Another common 
s o l u t i o n  i s  t o  pleca a ma te r i a l  around the  post  w i t h i n  the  ac t i ve  layer  which prevents bonding 
between the heaving ground end the post. Another s o l u t i o n  i s  t o  prevent heave by removing the 
f r o s t  susceptib4e s o i l  and rep lac ing  i t  w i t h  grenular  nonf ros t  suscept ib le soi l .  Another i s  t o  
keep the ground f rozan u r  t o  keep i t  thewed. 
F r o s t  haava a c t i o n  can a l s o  move s o i  1 down s lope  i n  a r a t c h e t  L i k e  a c t i o n  w i t h  t h e  s o t  1 
s l i d i n g  down the elope dur ing  thawing [Brown and Pewe, 79731. Frost  craep and s o l i f l u c t i o n  are 
examples o f  mass west ing i n  permafroat areee t h a t  must be conaidered by developers. 
Roe 
a c t i o n  r 
ds, runweys, r a ' i l r o e d s ,  etc., b u i l t  i n  c o l d  r e g i o n s  arm s u b j e c t e d  t o  t h i s  heav ing  
r h i c h  can render  t h a  f a c i l i t y  useless. C a r e f u l  ramoval  o f  t h e  f i n e  g r a i n e d  s o i  L and 
replacement w i t h  free dra in ing  coarse-grained sand end greve l  w i l l  prevent watar migra t ion  t o  
the f reez ing f r o n t  and minimize heeve. I n  the Spring, a road bed t h a t  hed been heaved upward 
by i c e  eecumulation i n  f ine-grained s o i  1 o f t en  develops f r o s t  bo i  1s and pot  holes. The thawed 
Lenses [now wa te r )  a r e  c o n t a i n e d  by t h o  a d j a c e n t  f r o z e n  ground and become s p o t s  o f  weakness 
t h a t  w i  11  c o l l a p s e  f rom t r a f f i c  Loads, f o r m i n g  s o f t  muddy ho les  r e f a r r e d  t o  as f r o s t  b o i  la. 
Coarae grained f i l l  ma te r i e l  provides a pathwey through which the water can drain. 
F r o  
reac t ion  
In,.. +* I  
zen ground behaves r h e o l o g i c a l l y  when s u b j e c t e d  t o  a l oad  [ e t r a s s l ,  t h a t  i s ,  t h e  
i s  s t rong ly  t ime  and temperature dependent [Vi ta,  19761. Frozen ground can be d iv ided 
.,,,, ..,rea types:  f r i a b l e  f rozen,  p l a s t i c  f r o z e n  and he rd  f r o z e n  [Phukan, 19761. F r i a b l e  
f r o z e n  ground i s  coarsa g r a i n e d  w i t h  a low m o i s t u r e  c o n t e n t  and behaves much L i k e  un f rozen  
ground. P l a s t i c  f r o z e n  ground has a s i g n i f i c a n t  un f rozen  wa ta r  c o n t e n t  and behavss 
p l a s t l c e l l y .  Hard  f r o z e n  ground has low compress ib i  L i t y  ( l u 3  t o  l o 4  c m Y k g l  end i s  f i  r m l y  
cemented w i t h  ice. The t r a n s i t i o n  temperature between hard and p l a s t i c  frozan ground var ies  
w i t h  t h e  s o i l  t ype= S i l t y  sand i s  cons ide red  h a r d  f r o z e n  if i t  i s  c o l d e r  t hen  minus 0.3OC, 
sandy Loem i s  ha rd  f r o z e n  below minus 0.6'~, c l a y  Loam i s  ha rd  f rozen  below minus 1.o0c and 
c lay  i s  hard frozen below minus 7.5% [Phukan, 19761. 
Frozen ground i s  a f ou r  phase mater ie l :  eoi  1 pa r t i c l es ,  ice, unfrozen water and gas. Ae a 
aoiL Praazee, the  r a t e r  i n  the  Larger voids Prsetas f i rst  b u t  remaina unfrozen i n  the smal le r  
vo ids  and on t h e  g r a i n  coat ings .  The f i r s t  w a t e r  t o  f r e e z e  i s  q u i t e  pure, i n c r e a s i n g  t h e  
i m p u r i t i e s  i n  the remaining water. The c a p i l l a r y  tension i n  these smal le r  poree i s  h igher end 
as Long as they are connected, water W I L L  ba drawn through them. Tha increase i n  I m p u r i t i e s  
and t h e  wa te r  p ressu re  f rom t h e  c a p i l l a r y  t e n s i o n  w i l l  depress t h e  f r e e z i n g  p o i n t  o f  t h e  
unfrozen water t o  aa Low as - 5 ' ~  [23'~1. thus  the mechanism f o r  i c e  Lense growth w i t h i n  the 
f rozan leyer  i s  apparent. The water i s  unfrozen and mobile even when the s o i l  appears frozan 






i d e  adeq~ 
~ a k l  end 
graph i n  Figure 3-2 shows tho drop I n  s o i l  s t rength  w i t h  increase i n  temperature f o r  
.,, frozan ao i  1 types. The advantages o f  keeping the so i  1 frozen hard can rsed i  ly be seen. 
d no t  be used f o r  design purposes, as only a de ta i l ed  s i t e  s o i l s  i nves t i ga t i on  
uete In formet ion  f o r  a propar foundation design. Frozen ground l a  o f t en  a t  the 
o f  the temperature range end may e x h i b i t  p l a s t i c  p roper t ies  when Loaded. 
I 
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e p l e s t i c  p roper t ies  o f  f rozen ground r e s u l t  i n  a creep phenomenon whereby the ground 
r i  L l  subside 6LowLy end continuously when Loaded. Frozen ground deformation cen be d iv ided 
I n t o  f o u r  p a r t s :  i n s t a n t e n e o u ~  deformat ion ,  p r i m a r y ,  secondary, and t e r t i a r y  creep [Phukan, 
19761. Prlrnery creep i s  character ized by decreasing creep ra te  w i t h  t ime, secondary creep by 
:onstant creep re te  w i t h  t ime and t e r t f e r y  creep by an increasing creep ra te  u n t i l  f a i l u r e  [See 
F i g u r e  3-31. T h i s  f i g u r e  i s  p resen ted  w i t h o u t  a s c a l e  due t o  w ide v a r i a t i o n s  i n  s o i l  t ype,  
m o i s t u r e  con ten t ,  tempera ture ,  Load and s o i  L dens i ty .  The t i m e  t o  oneet o f  t e r t i a r y  c reep 
[ f e i  lure1 could be many yeers i f  the s t ress  i s  Low. Vyalov and Senger heve developed msthods 
t o  est imete the onset o f  t e r t i e r y  creep [Phukan, 19761. 
An est imate of the  th ree dimensionel ex tent  o f  permefroet i s  desirable i n  dlscontlnuous 
'eglona because o f  t h e  many undesi  r a b l e  mechan ica l  p r o p e r t i e s  o? f r o z e n  ground. I r o n  Ore 
;ampany o f  Ceneda has done e x t e n s i v e  resea rch  on t h i e  prob lem because o f  t h e  added c o s t  of 
mfnlng Frozen ore a t  Knob Leke, Quebec. There i s  a marked increase i n  the sonic v e l o c i t i e s  end 
~ L e c t r i c e  i v i t y  o f  f rozen ground as compared w i t h  thewed ground [Garg, 19731. Table 3-1 
:ampares ~ressional-wave v e l o c i t i e s  f o r  frozen end unfrozen i r o n  ore format ions a t  K n o b  
.a ke. TI compares t h e  averege r e a i  s t i  v i  t y  f o r  f rozen end un f rozen  I ron  o r e  a t  Knob 
ake. 
VeLocity+eters per Second 
[eource: Garg, 18731 
Reeist iv i ty-Kohm per Meter 
Yre Moisture Unf r o m  F r o t m  
[source: Garg, 19731 
Terrmin can e l so  i nd i ca te  the presence of permafrost. North fac ing  slopes heve a higher 
~ r o b a b i  11 t y  o f  permaf r o s t  than south fecing slopes o r  area8 o f  snow accumulation, Vegetation 
e an insulator which, i f  removed o r  disturbed, may r e s u l t  i n  permefrost degradation. Trees 
rovide a shade from the sun, slow the coo l ing  e f f e c t  o f  winds and reduce snow cover. Weter 
Lao hee an e f f e c t  on permaf ros t .  Lakes t h e t  do n o t  f r e e z e  t o  t h e  bo t tom do n o t  have perme- 
r o s t  beneath them unless they ere very new lakes. Warm spr ing  water i n  contact w i t h  frozen 
round q u i c k l y  b r i n g s  t h e  tempera tu re  nea r  O'C, and f r o s t  i s  week a t  t h i s  t empera tu re  even 
hough t h e  La ten t  hee t  i n  t h e  i c e  p reven ts  i t  f rom t h a w i n g  q u i c k l y .  Snow cove r  a l s o  has an  
f f e c t  on permafrost. Snow i s  a good i nsu la to r  and, depending on snow pack density, can re ta rd  
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Permafrost can a c t u a l l y  be an advantage i n  some mines by reducing ground water f l ow  end 
increasing w e l l  strength. Underground d r i l l i n g  requires the use o f  dust supression, b i t  Lubri- 
ca t fon  end C ~ t t i n g S  removal. D r i  1 l i n g  frozen ground presents problems. The add i t i on  o f  cal- 
cium ch lo r i de  o r  sodium ch lo r i de  depresses the f reez ing po in t  o f  weter [see Figure 3-41, but  i s  
h igh ly  cor ros ive  and necessi tates frequent d r i l l  overhaul. S a l t  weter a l so  causes s k i n  i r r i t e -  
t i o n  t o  workers. A t  the Black Angus Mine [Greenland) where the rock temperature i s  minus ~ O C ,  
enough CaCl o r  NeCL 1s added t o  t h e  d r i  11 wa te r  t o  depress t h e  f r e e z i n g  p o i n t  t o  minus 5.5'~ 
[Wi l lson,  19731. D r i l l  weter and supply Lines may be heated t o  keep the weter f lowing,  which 
i s  the p rac t i ce  a t  Uni ted Keno HI 11 Mines. The d r i  11 s t e e l  must be kept moving end the water 
f l o w i n g  o r  t h e  s t e e l  w i l l  f r e e z e  i n  t h e  ho le ,  r e s u l t i n g  i n  t h e  Loss o f  h o l e  and s t e e l .  The 
d r i l l  s t e e l  must be immediately withdrawn from thm hole when d r i l l i n g  i s  stopped. 
I t  i s  poseible t o  i nsu la te  problem areas w i t h  polyurethane foem which pro tec ts  the f rozen 
re l l s .  Work by Oormen end Gooch [I9701 s t  the  Fox permafrost tunnel  [Aleskal ind ica ted success 
~y using two t o  three inches o f  foem insulat ion.  Such i nsu le t i on  i a  successful i f  prov is ion  i s  
:oo l ing  per iod  i n  the  winter. The Russians have a lso  found the use o f  polyure- 
. i n  c o n t r o l l i n g  w a l l  thaw [Baba, 19741. 
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~ermaf ros t ,  i s  
es  f ace  e lope  s t a b i l i t y ,  b l a a t i n g ,  end dewa te r i ng  prob lems when w o r k i n g  i n  
A s l o p e  t h a t  i s  competent  when f r o z e n  may become incompetent  and f a i l  when 
w a t e r  f r om t h e  a c t i v e  Layer, from w i t h i n  t h e  p e r m a f r o s t  o r  f r om below t h e  
encountered. Unfrozen ground w i t h i n  and below the permafrost layer  i s  c e l l e d  
, a l i  k. T h i e  w a t e r  may f r e e z e  i n  t h e  dra inege d i t c h ,  sump o r  pump Linee. To keep t h e  d i t c h  
Ipen, warm water can be piped above the d i t c h  end dripped i n t o  the d i t c h  o r  s a l t  may be added. 
lump Lines must be drained when not  f Lowing. 
Open 
'I r e t  ope 
- > - .  
i ngs  i n  
rnad, frl 
-. . 
f rozen ground tend t o  f i l l  w i t h  i c e  i n  a few years I f  no t  kept active. When 
j e t  c r y s t a l s  w i  11 cove r  t h e  w a l l s ,  t i m b e r s  and equipment, and ground wa ta r  
moving tn rougn  t h e  mine w i l l  f reeze,  e v e n t u a l l y  f l L L i n  t h e  mine. T h i e  can be used t o  an 
advantage i n  abandoned workings which i f  f l o o d e d  W I L L  f r e e z e  and p reven t  ground subsidence. 
Also, f rozen mine backf i  11 may be s t rong enough t o  a l l ow  complete mining o f  p i  Llars. 
g wel ls ,  
Vent e i r  i n  underground n i n e s  i n  p e r m a f r o s t  r e g i o n s  i n  w i n t e r  and warm a i r  i n  
summer c r a a ~ a e  problems. Warm a i r  c i r c u l a t e d  through a frozen mina thaws the w e l l s  end roof, 
o f t en  requ i r i ng  increased support meesuree.' Also, Large volumes o f  a i r  required by the  uae o f  
Dlesel  equipment releases Large quan t i t i es  of heat end aggravetea tho  problem. Over a l l ,  i t  i s  
p robab ly  b a t t e r  t o  m a i n t a i n  a minimum a i r  t empera tu re  of l e s s  t h a n  OOC i n  f r ozen  ground. 
H e a t i n g  a i r  i s  a l s o  expansive. The vent1  l a t i o n  system a t  Whitehorse Copper i s  designed f o r  
123,000 cubic f e e t  o f  a i r  per minute heated by propane heaters capable o f  producing 12 m i l l i o n  
B.T.U. per hour. Tho problems o f  b laa t i ng  f rozen ground are b r i e f l y  covered under the appro- 
p r i a t e  sec t ion  o f  Chepter 6. P i t  dewataring i s  a ser ious problem a t  Pine Po in t  and S c h e f f e r  
v i l l e  [aee r e s p e c t i v e  appendicesl. The presence o f  p e r m a f r o s t  r e s t r i c t s  water  f l o w  t o  t h e  
ewater i  n end the  weter i n  the ore creates problems f o r  d r i l l i n g ,  b las t ing ,  Loading end 
hipping. 
i o n  on Permaf r o a t  
Du r ing  t h e  r o u t e  s e l e c t i o n  phase o f  road  p lann ing ,  extensive exploratory d r i l l i n g  w i l l  
d s n t i f y  areas o f  hfgh I c e  contant. Routas should be planned w i t h  the ob jec t ive  o f  Locating i n  
onfrozen ereas w i t h  f r e e  drainage material.  I n  many areas o f  the a r c t i c ,  frozen i c e  r i c h  so i  1 
an not  be avoided. Exce l len t  r e s u l t s  have been obtained by over laying f i v e  f e e t  o f  gravel  on 
he na tu ra l  ground, bu t  caut ion  i s  advised. I f  permef r o s t  i s  neer OOC, a Layer o f  gravel  may 
,bsorb s u f f i c i e n t  heat i n  summer t o  th icken the  ac t i ve  Layer. To avoid t h i s  s i t ua t i on ,  o r  i f  
g r a v e l  i s  , s t y r o f o e m  i n s u l a t i o n  cen be l a i d  beneath t h e  g r a v e l  pad t o  i n s u r e  t h a t  
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thermal balance i s  maintained. Cross drainage cu l ve r t s  must be placed above the  permafrost 
the road embankment, o r  they w i l l  f reeze and remain frozen year-round. 
e r a 1  dra inage a t  t h e  t o e  o f  t h e  roadway embankment shou ld  be avo ided [Aiken,  19721. 
I ne  ground a t  t h i s  p o i n t  i s  n o t  p r o t e c t e d  by t h e  g r a v e l  pad end w i l l  be s u b j e c t  t o  eros ion .  
Moving water i n  a dreinage d l t c h  w i l l  accalerete thawing of permefrost. Ditches may be con- 
I w i t h  s u f f i c i e n t  coarse m a t e r i a l  t o  prevent erosion, 
Jweya  i n  aubarc t lc  areas ac tua l l y  present a greater  challenge than those i n  the e r c t i c  
due t o  the  increased depth of the a c t i v e  layer. Near Falrbanka, the ac t fve  Layer i n  gravel  can 
be eleven f e a t  deep [Keyes, 19711. The s o l u t i o n  i s  t o  b u i l d  w i t h  nonfrost euaceptable ma te r i a l  
contain ing Less than 5 percent minus 200 mesh s i ze  [Phuken, 19761, provide adequate drainage, 
snd sa lec t  routes w i t h  care. 
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Most p r a c t i c a l  so lu t ions  t o  c o l d  weather operat ion o l ve  e i t  
app l i ca t i on  o f  heat by e l e c t r i c  heaters o r  storage i n  hr bui ld ing l
o f  sources f o r  e l e c t r i c a l  and thermal  energy are o f  c r i t  ha c o l d  
wide va r i e t y  of p o t e n t i a l  power sources. each w i t h  t h e i r  aovanreges and disedvantages neen- 
stoned b u c t i o n  costs, transportat ~r env i ro  
ment i n v  
$as and I 
Icern. T 
- .  - - 





ons. cos ts  a nmenta 1 
Potentie. , ,,, 
Pot 3ources i n  Alaaka I n c l u d e  o i  1, n lee, c o a l ,  h y d r o e l e c t r i c  power, t f  da 1 
Power, 5 11 power and wind power. O i  L frc 3's no r th  slope and from f i e l d s  i n  Cook 
I n l e t  i s  r e f i n e d  a t  N o r t h  Po le  near  F a i  rbanks ,., ,.,,ishka near Anchorege. N a t u r a l  gas i s  
produced on t h e  Kenai Pen insu la  and may be a v a i l a b l e  f rom Prudhoe Bay i n  t h e  near  f u t u r e .  
Alaska a l s o  c o n t a i n s  170 m i l l i o n  acres  wh ich  a r e  p o t e n t i a l  o i l  and gas b a s i n s  where L S t t l e  
exp lora t ion  has taken place. Coal i s  present ly  mined only i n  the Healy area, and provides mast 
o f  the e l e c t r i c a l  energy f o r  centre1 Alaska. There are vast ereas o f  p o t e n t i a l l y  economic coa l  
i n  c e n t r a l  and n o r t h e r n  A laska p l u s  s c a t t e r e d  , There e r e  a l s o  76 p o s s i b l e  
hydroe lec t r ic  s i t e s  located around the  s ta te  whi I 172 m i l l i o n  megewatts, (1974 
Alaska Power Survey]. The Cook I n l a t  t i d e s  h~ genera te  one m i l l o n  kw on e 
continuous basis [Shinohara, 19751. Geothermal sources may ba tapped i n  many areas, but  the 
ck ing  t o  I lem compet i t i ve  1  wise, w ~r may 
techno l o g i  eakthrough t o  m~ posai b l e  asks's 
I sites. 
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The Canadians have made a c o n c e n t r a t e d  e f f o r t  t o  develop t h e i r  h i  t r i c  s i l  
supply power f o r  communitiee end i n d u s t r i a l  development. Hydropo ga p o r t i l  
the  energy needs o f  Uni ted Keno H i l l  Mines, Cyprus Anvi l ,  Whiteh B Point ,  
Ye l lowkn i fe  and the Quebec-Labrador mines. Th is  emphasls on hydi 3 w i t h  81 
Large p r o J e c t s  i n  t h e  James Bey area. A l t hough  Canada does no t ,  as y e t ,  have a Prudho~ 
01 L and gas i n  commerc ia l  q u e n t i t l e s  have been found i n  t h e  MacKenzie R i v e r  Del ta.  Se 
coa l  doposi ts are known, but  the  sme l l  Tantalue But te  coa l  Mine, no r th  t o  Whitehorse, w l  
o n l y  commerc ia l  o p e r a t i o n  i n  n o r t h e r n  Canada. T h i e  c o a l  was used t o  d r y  c o n c e n t r a t e  I 
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I S  the  
a t  t h e  
Scandinavian count r ie  have ebi 1s. By export ing Large 
amounts o f  aluminum, megnl ~ n d  f e r r o  po r t i ng  power. Norway 
importa metaLLurgicaL graoe coa l  from the nearuy Arczlc avaiuaro *sLanos f o r  use i n  the * - - -  
a i  l i c o n  industry. O i l  and 4 1  gas i n  the Nor naure a wider choice o f  power 81 
i n  Northern Europe. 
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neturr 
The c h o i c e  o f  a po re ,  IUUI ce f o r  a new mirr- a ~ jemote area i s  a D i e s e l  genereto,  
The reason f o r  t h i s  cho i ce  i s  t h e  r e a l i t y  o f  t h e  h i g h  c a p i t a l  c o s t  and l ong  Lead t i m e  f o r  
hydroe lec t r ic  and steam bo i  l e r  generator I ns ta l l a t i ons .  Diesel  sate are inexpensi ve, quick and 
easy t o  se t  up, easy t o  operate, easy t o  expand by adding sets, and re l iab la .  These advantages 
o f f s e t  the  h igh  cost  o f  obtaining, t ransport ing,  and s t o r i n g  Diesel  fuel. Diesel  motors can be 
maintained by the same employees who maintain mobile equipmont. Diesel  generato! 3xce l- 
l e n t  standby u n i t s .  The uaa o f  w a t e r  j a c k e t  heaters ,  g low p l u g s  and au tomat i  i ng  i s  
assurance t h a t  e reserve u n i t  can assume i t s  f u l l  Load w i t h i n  10 seconda a f t a r  a 1 Lure. 
Stendby power i s  v i t a l  I n  the Arct ic .  A power Loss means t h a t  water freezes and heaters r=na- 
t o  f u n c t i o n  wh ich  can r e s u l t  i n  e comple te  e v ~  s i t e  f o l l o w i n g  a f a i l u  
w i n t e r .  D i e s e l  powered s t a t i o n s  a r e  p r a c t i c a  o t h e  20 m.w. range f o r  
per lods o f  t ime  [Less than 20 yeersl. Other po Ld be inves t iga ted f o r  
loeds o r  Longer per iods o f  time. 
.s make I 
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To provide Large quen t i t i es  o f  power qu ick l !  3te regions, the  Soviets have developed 
f l o a t l n g  power s ta t tons  [F loa t ing  Power, 19761. i t a t i ons  are ships f i t t e d  w i t h  20 m.w. 
aas turbine-oowered generators b u i l t  f o r  a r c t i c  keuLnal- eonditions. The ships have a f i v e  f o o t  
lavigete very shallow waters w i t  The sh ip  i s  pro1 
- 
d ra f t ,  a h the a i  d o f  por ~ n d  can n 
from i c e  pressure damage by a heated hu l l .  The waste heat from each u n i t  i s  s u f f i c i e n t  t o  heat 
l i t y  o f  twenty thousand. With the many mi les  o f  coast Line and nevigabla r i v e r s  
~ r t h e r n  Canada, f l o a t i n g  power ships Like these may f i n d  a use a t  small,  shor t  
an e r c t i  
i n  Alask 
L i f e  m i r  
c commun 
:a and Nc 
18s. 
a mine nure GLOEJO t o  an e x l s t i n g  power gr id ,  i t  mey be economical t o  run a t ransmisslon 
Line end purchase power from a u t i l i t y  company. More than Likely,  some s o r t  o f  aubsidy would 
be requirad by the u t i l i t y ,  bu t  such an agreement may y i e l d  the cheapest power. A s ixty-nine 
k i l o v o l t  t ransmisslon Line can be constructed i n  Alaska fo r  about $62,000 per mi le ,  and substa- 
t i o n s  b u i l t  f o r  about $10,000 p a r  m.v.e. Fo r  Longer d is tances,  138 k.v. L ines  can be r u n  f o r  




hydropt ,e economica l  on e l a r g e  s c a l e  i t s  c o s t  must  be a m o r t i z e d  ove r  e Long 
p e r i o a  o f  t i m e  i+bu yearsl .  Large s t a t i o n s  c o s t  about $500 p e r  i n s t a l l a d  k i l l o w a t t  (1974 
rvey I. Alaska F 
f he 
lower SUI 
Canedia n government has found i t  b e n a f i c l a l  t o  b u i l d  hydroe lec t r ic  a ta t i ons  t o  supply 
power t o  remote mine and town s l t a s  [Power f o r  t h e  Nor th ,  19741. The Nor the rn  Cenade Powar 
t h a t  the  p ro jec t s  be salf-sustaining. Thus e l l  cap i t a l ,  it and 
Iaers dur ing the L i f e  o f  the power s ta t ion .  The C jn has 
~pan ias  dur ing the  development o f  mining p rope r t i  e 
Commisei 
opera t in  
e po l i cy  
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t i o n e ,  t 
Daeign o 
wa te r  ql 
r o e l e c t r i c  p ro jac te  h a w  the edventages of baing exempt from fu tu re  f u e l  ~ c a  le- 
ra ing  a c l e a n  power source, and p r o v i d i n g  f l o o d  c o n t r o l  end r e c r e a t i o  I t i e s .  
f dam s i t es ,  however, must conelder f i s h  and w i l d l i f e  migra t ion  pat te rn  lea i n  
uaLi t y ,  and t h e  w i  L d L l f a  f e e d i n g  araae Inundated, I n  some Locat ions ,  1 c t r i c  
power 1s the cheapest sourca o f  process heat, as i s  the cage e t  the Uni tad Keno H i l l  Mines i n  
ough o i  1 I s  burned t o  supplement t he  5 m.w, dam a t  Mayo, e l e c t r f c i t y ,  whan i t  
used t o  produce steam becauee o f  i t 6  Low cost. 
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e 4 1  Relet ionship o f  Capabi l i t y  , Losees and t ransmission Distance 
f o r  Assumed h a d i n g  [Mwl and lossea [ X I .  
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<a Powar Survey (18741 
COLD WEATHER PLANT DESIGN 
Many o p e r a t i n g  prob lems i n  t h e  n o r t h  can be avo ided by p rope r  des ign o f  f a c i l i t i e s .  
Dasign i s  always an important  aspect o f  development, bu t  i t  i s  most important  i n  co ld  regions 
because o f  t h e  seasona l  n a t u r e  o f  s h i p p i n g  f o r  b u i l d i n g  m a t e r i a l s  and t h e  n e c e s s i t y  o f  
completing e x t e r i o r  const ruc t ion  dur ing  the summer months. Thus a minor design mistake could 
cost  a whole year i n  delayed completion time. 
Operetions i n  t he  nor th  requ i re  heeted bui ld ings,  end given the  h igh  cost  o f  fue l ,  trans- 
por ta t ion ,  and storage, bu i l d i ngs  are designed w i t h  minimum e x t e r i o r  surface area [MeeLallen, 
19721. Th is  can be accomplished by shar ing w a l l s  f o r  m i l l  meintenence shops, warehouses, power 
s ta t i ons  and o f f i ces .  A designer i n  Scandinavia c a r r i e d  t h i s  idea t o  the extreme, however, and 
designed and b u i  L t  a  p l a n t  so compact ly  t h a t  t h e r e  was no room f o r  maintenance, c l e e n  up o f  
b e l t  sp i  118, o r  moni tor ing equipment. L i v i n g  quarters should always be separate from p l a n t  
b u i  l d i ngs .  Also,  b u i l d i n g s  must be deai  gned t o  accomodate t h e  Large i n v e n t o r i e s  end r e p a i  r 
shops necessary i n  remote LocatJons. 
Bu i ld inge t h a t  are ca re fu l l y  designed and w e l l  meintained can be heated economically. As 
an example, heat can be recovered from v e n t i l a t i o n  a i r  w i t h  heat exchangers. 
Due t o  the  h igh l y  t r ans ien t  nature o f  northern workers, h igh absentee ra tes  end the low 
f n d u e t r i a l  s k i l l  Levels o f  na t i ve  [Eskimo and Indian1 workers, designers should s t r i v e  t o  keep 
operat ion as s imple as possible. L i  kswisa, ease o f  maintenance i s  an important  consideration. 
The lower w a l l s  o f  bu i l d i ngs  should be o f  heavy const ruc t ion  f o r  p ro tec t i on  from snow removal 
equipment [Bow Ling, 19721. Th is  i s  espec ia l l y  important  around major access doors, e lse  they 
may be impossib le t o  c lose because o f  a minor accident w i t h  smel l  mobile equipment. 
I t  i a  b e s t  t o  enc lose a11 c rush ing ,  m i l l i n g ,  and m a t e r i a l s  h a n d l i n g  equipment i n e i d e  
heated b u i l d i n g e .  A haated m i l l  aLLows t h e  use o f  wa te r  spray f o r  dus t  sup ress ion  a t  i t s  
source. A heated b u i l d i n g  e l im ina tes  the need f o r  e u x i l l a r y  heaters f o r  greese, greese l i n e s  
and bearings. Radiant heaters ere sometimes usad i n  c o l d  bu i ld ings ,  bu t  are not  desirable as 
they can cause i n j u r i e s  t o  careless workers. Heated bu i l d i ngs  insure t h a t  operators f unc t i on  
a t  the deelred e f f i c i e n c y  and t h a t  repa i rs  can be performed i n  a reasonable Length o f  t ime  and 
i n  reasonable comfort. 
The f o u n d a t i o n  o f  en a r c t i c  b u i l d i n g  l a  exceed ing l y  Impor tant .  Some b u i l d e r a  may be 
fo r tunate  enough t o  be able t o  p lace foundations on bedrock o r  g reve l  which w i  11 be s t ruc tu ra l -  
Ly sound whether  f r o z e n  o r  not .  The u s u a l  s i t u a t i o n  f i n d s  t h e  b u i l d e r  f aced  w i t h  a s i t e  
C 
under la in  by f i n e  grained f rozen ground t h a t  contains much ground ice. Thawing of t h i s  ground 
W I L L  r e s u l t  i n  d i f f e r e n t i a l  s e t t l e m e n t  and Losa o f  b u i  l d i n g  usefulness.  Solutions t o  t h i s  
problem vary w i t h  s i t a  geology. I n  some cases, i t  i s  p r a c t i c a l  t o  remove the f ine  grained o r  
s i l t y  f r o z a n  m a t e r i a l  and r e p l a c e  i t  w i t h  f r e e  d r a i n i n g  g r a n u l a r  m a t e r i a l  wh ich  i s  s t a b l e  
e i t h e r  f r o z e n  o r  thawed. Otherwise ,  t h e  s o l u t i o n  l i e s  i n  keep ing t h e  p e r m a f r o s t  f r o z e n  by 
prevent ing heat f low i n t o  the ground o r  by prov id ing  f o r  refreezing. L igh t  weight bu i l d i ngs  
such as L i v i ng  quarters are o f t en  elevatad on p i l e s  t o  prevent heat f l ow  from the b u i l d i n g  t o  
the ground and t o  a l l ow  the co ld  w in te r  t o  refreeze the  summer thaw, Heavier bu i ld ings  can be 
b u i l t  on e t h i c k  g r a v e l  pad i n  wh ich  c u l v e r t  p i p e s  a r e  b u r i e d  [R ice ,  19751. These p i p e s  a r e  
Le f t  open end the co ld  w in te r  a i r  w i l l  refreeze the ground thawed dur ing the summer. I n  the  
warm summer months, these pipes ere blocked t o  reduce thew rate. Some systems Like t h i s  w i  11 
requ i re  fans t o  improve the c i r cu la t i on ,  and w i l l  requ i re  p ro tec t i on  from snow d r i f t i n g  over 
the out  l e t s .  
Gyetarns heve bean des igned t o  re f reeze  t h e  ground i n  t h e  w i n t a r  w i t h  a a e r i e s  o f  f r o a t  
tubes placed beneath the  foundation o r  I n  the  p i l e  formation. The ground i s  thus maintained i n  
a f r o z a n  and s t a b l e  s t a t e  [Ga la ta ,  19761. A f r o a t  t uba  i s  a s i m p l e  dev ice  c o n s i s t i n g  o f  a 
s m a l l  d i ame te r  p i p e  w i t h  one and b u r i e d  i n  t h e  ground and t h e  o t h e r  end exposed t o  t h e  c o l d  
w in te r  a i r .  The tuba i s  sealed on each end and f i l l e d  w i t h  a re f r igarant ,  t y p i c a l l y  f reon o r  
under I 
e r  selec 
ammonia, r rasaure (Gelate, 19781. During w in ta r  when the a i r  temperature i a  colder than 
t h e  ground tempere ture ,  t h i s  gas condenses a t  t h e  t o p  o f  t h e  tube end then  f l o w s  t o  t h e  base 
where i t  i s  aga in  vapo r i zed  by t h a  "warm" ground wh ich  i s  t y p i c a l l y  a few degrees below 
freezing. Th is  c y c l i n g  ex t rac t s  heat from the ground keeping the ground frozen. During the  
warm days o f  spr ing  and summer, the gae does not  condense and the system i s  inoperative. With 
t i o n  o f  tube gas and pressure, the temperature o f  condensation can be contro l -  
t he  foun 
requi res 
Thm 





hlluullu can e lso  be kept f rozen by a conventional r e f r i g e r a t i o n  system w l t h  p ipes i n  
However, t h i s  system I s  subject  t o  human e r r o r  and mechanical breakdown and 
gy source. 
use o f  i n s u l a t i o n  alone beneath a heat source w i l l  no t  prevent permefroet from thawing 
9753. Xnsulation only slows the thawing process. The use o f  I nau la t i on  can improve 
ciency o f  the refreeze system chosen t o  p ro tec t  the permafrost. 
B dam r 
:t lamen 
i t  I s  necaseary t o  c o n s t r u c t  a dam f o r  a we te r  r e s m r v o l r  o r  t a i l i n g s  pond on perma- 
, h ~  e designed so t h a t  i t  w i l l  f u n c t i o n  as I t  s e t t l e s  and cen be r e p a i r e d  
e l  
b e s t  r e s u l t e  w i l l  be o b t a i n e d  by h i r i n g  an axpmrianced f r o z e n  ground f o u n d a t i o n  
nt. He w i l l  recommend an extensive s o i l s  I nves t i ga t i on  program t o  determine the physi- 
e r t i e e  o f  the  s o i l ,  and desSgn a foundat ion adequata f o r  t he  design Loads. 
g an u n i ~  
j a i  Ly us1 
par man 
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Ing a t o t  
i s  chal  
rn  end I n d u s t r i a l  fec l  L l t y  I n  thm no r th  may f i n d  t h a t  p rov id ing  
Lenging end expenei va. An adequate system prov i  das the  conven- 
i ence  t h a t  peop le  i n  t empera te  c l i m a t e s  t a k e  f o r  g ranted,  t h a t  i s ,  a system capabla of 
p rov id ln  nterruptad supply o f  c laar,  clean, and good t e s t i n g  water i n  s u f f i c i e n t  quanti- 
t y  f o r  c e and f o r  f i r e  p r o t e c t i o n .  A good f i r s t  e s t i m a t e  o f  wa ta r  uae wou ld  be 80 
g a l  lons day p lus  ? I r a  p ro tec t i on  and ex t ras  such ae s t r e e t  and vehiela weshing, Lawn 
watering, o r  I n d u s t r i a l  consumptlon [Rice, 19751, 
: e r  I n  thm a r c t i c  I s  s u p p l l e d  f rom w a l l s ,  Lekee, r i va r r i ,  sea weter ,  rmeervoi  r s  and 
now and ice. A r c t i c  water must be c a r e f u l l y  treated, s tored and d i s t r i b u t e d  t o  prevent 
r r a e n n g  end disease transmission. The d i f f i c u l t y  and sxpanae i n  obta in ing  and d i s t r i b u t f  ng 
water encourages water conservation practices. 
I t  1s h i g h l y  u n l i k m l y  t h a t  w a t e r  o f  s u f f i c i e n t  q u e l i t y  and q u a n t i t y  f o r  community and 
i n d u s t r i a l  purposes can be o b t a i n e d  f r o m  a wa lL  d r i l l e d  t o  be low t h e  p e r m e f r o s t  Level. The 
permefroat Layer i s  t h i ck ,  54.0 meters [I770 f e e t l  a t  Asbestos Hi  11, Duebec [Stewart, 19761, 350 
meters [I150 fee t l  a t  Barrow [Rice, 19751, and o f ten  t h i c k e r  [Brown and Pewe, 19731. The w e l l  
p ipe w i  11 be subject  t o  f reez ing and i s  d i f f i c u l t  and expensive t o  thaw. More o f ten  than not, 
the w e l l  casing i n  permanently f rozen ground w i  11 pass through Layers o f  ice-r fch f i n e  grained 
so i l .  Damage t o  the casing mey r e s u l t  because o f  Loss o f  so i  1 s t rength  i f  heat warm appl ied t o  
keep the  w e l l  f lowing. Subpermafrost weter i s  o f ten  d i f f i c u l t  t o  Locatm, expensive t o  davelop 
and h igh l y  mineral ized [A l te r ,  19691. I r o n  and s a l t  a re  the most common problem minerals found 
[Rice, 19751. 
a t  i nc re  
t h i s  men 
surface i c e  on a r c t i c  lakes t y p i c a l l y  reaohee a maximum thlcknass of 1.0 t o  2.4 meters 
f e a t 1  [ A l t e r ,  19891. S m a l l  s h a l l o w  Lakes r r a e z e  t o  t h e  bot tom,  b u t  Larger, deeper 
Lalres ao not. Meny. i nc lud ing  the o i l  industry,  the developers o f  the Dietent  Ear ly  warning 
Line radar stat ions,  and residents o f  Barrow have u t i l i z e d  these deep lakes f o r  w in te r  water 
supp l y  [ A l t e r ,  1969 end Grundy, 19771. Problems r e s u l t  i f  a Lake I s  h e a v i l y  pumped end n o t  
surf  i c i e n t l y  recharged from below. The Lake water may bacome unpotable because i m p u r i t i e s  tend 
not  t o  f reeze i n  the i c e  [Grundy, 19771. Large water users are forced t o  move from Lake t o  Lake 
aulaga distances t o  ensure adequate water supply, Water suppl ied i n  
ensi ve and therefore expensive. 
as ing ly  
nar i s  1 
Longer h 
abor i n t  
La I 
underner 
w i t h  La1 
rga l ake  
. .  -. 
s  and somr I r i v e r s  wh ich  dt :he bo t tom develop a  thaw b u l b  
may be possib le t o  d r i l l  i n t o  sucn a thaw bulb f o r  water. Lakes can be Ln*-*-d 
otographs o r  by making use o f  s i ~  i r 19771. 
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F r l  r f r o m  sea wa te r  i s  p o s s i b l e  a  h A laska N a t i v e  I 
Service nosp i ra l  complex a t  Kotzebue, Alesks uses s a l t  water r o r  to r  l e t  f l ush ing  and desalted 
sea wa te r  f o r  a l l  o t h e r  uses [ A l t e r ,  19691. The deve lopers  o f  t h e  P o l a r i s  P r o j e c t  on L i t t l e  
Cornwal l is  Is land,  N.W.T. used a  desa l i n i ra t f on  u n i t  t o  supply f resh water f o r  camp use [Red- 
path ,  19741. Nuc lea r  power p l a n t  waste hea t  i s  u t i l i z e d  a t  McMurdo S t a t i o n ,  A n t e r c t i c a  t o  
produce fresh water from see water [ A l t r -  ^"""' 
ssh wata 
. , - - - ,&. ,  
lg  o f  snow and i c e  can t n t i t i e s  o f  f r e s h  water.  
power generators can be ice, as e t  Byrd Stat ion,  
nnGarcr;ica ln~rdr, 19691. O i  1  exp lora t ion  rirenr i n  rne arcx ic  use 01 L f t r e d  snow melters as e  
water sourca a t  a  cost  o f  $1 per b a r r e l  o f  water [Grundy, 19771. Snow cen be co l l ec ted  by snow 
fences t h u s  ustng t h e  w inds f o r  snow t r a n s p o r t a t i o n .  These methods a r e  n o t  p r a c t i c a l  f o r  
community use. Over 400 pounds o f  i c e  wou ld  be r e q u i r e d  each day. Snow and i c e  a r e  o f t e n  
contaminated by animals, b i rds,  community refuse and c o l l e c t i o n  equipmant. 
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Due t o  the Impermeable nature o f  the frozen eveporetion rete, summer water 
f l ows  are h igh  despi ta the Low p r e c i p i t a t i o n  r a  Hertmen, 1971 1. Thls abundant 
wa te r  supp ly  d u r i n g  t h e  summer months i s  s t o r b -  ,, ,, .,,,.a f o r  w i n t e r  use, One s t o r a g e  
method i s  e  r e s e r v o i r .  R e s e r v o i r s  can be made by deep ~d d i k i n g  en e x i s t i n g  lake,  by 
e x c a v e t i n g  a  r e s e r v o i r  i n  a  r i v e r  f l o o d  p l a i n ,  o r  by e  ng one near  t h e  community, A 
reservo i r  must be deep enough t o  ho ld  a  aeasonls requirr  aneeth the  surface ice. R e s e r  
voi r s  are being successful ly  used by the o i  1  indust ry  on the ALesken no r th  slope, and the North 
Slope Borough i s  deve lop ing  a  r e a e r v o i  r f o r  community use [Grundy, 19771. Summer wa te r  can 
a l s o  be s t o r e d  i n  heated tanks  o r  i n d o o r  p o o l s  as B r i t i s h  Pe t ro leum i s  do ing  on t h e  A laskan 
N o r t h  Slopas. B.P. A laska has f i v e ,  one m l  L l i o n  g a l l o n  heated s t o r a g e  tanks  [Grundy, 1977). 
As a  p a r t  o f  B.P. Alaska's f i r e  p r o t e c t i o n  system f o r  t h e i r  permanent camp a t  Prudhoa R a w -  
water i I n  a  swi  poo l  whe r h i l e  i n  
19751. 
I ground 
t e s  [Johl 
.d h a ,  a n -  
and Low 
nson and 
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en ing  an 
x c a v e t i ~
aments br 
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a  s tored ' mming storage 
Water t reatment i a  accompllahed by u t i i i z i n g  normei temperate tone techniques i n  neaceo 
bui ld ings.  A r c t i c  weter must o f t e n  be c l a r i f i e d ,  aoftened, deionized, aerated, chlor inated,  
f luor ida ted,  o r  desal in ized [Rice, 1975, A l t e r ,  19891. A p r a c t i c a l  consarvation p rac t i ce  i s  t o  
reuse shower end Laundry waste weter f o r  t o i  l e t  f l ush ing  [Rice, 19751. Th is  requi  ras storage 
and dual p ip ing  systems and care must be taken t o  orevent d r i nk ing  water contamination. Toi- 
l e t s  t h e t  requ i re  Less we ~n convent lonsl  u  l e  and sl avai lab used. 
. Many organ isms i n  sewage a r e  n o t  k i  L l e d  I i n g  and pathogens p e r s i s t  i n  a  v i a b l e  
s t a t e  f o r  Long per iods o f  t ime i n  a c o l d  envi ronment iALter, 19731. The slow r a t e  of d l  l u t i o n  
of waste I n  tho a r c t i c  f u r t h e r  increases the  L ike l ihood o f  dlsease t ransmission [A l te r ,  1 9 6 9 ~ 1  
from improper ly handled sewage. 
Sewage c o l  l s c t i o n  and t reatment sys e  
used i n  t h e  n o r t h a r n  t i a r  o f  s t a t e s  o f  t h e  U n i t e d  St,,--. ;ere 1s taken  t o  preven-  - - 
freezeul her heat add i t i on  o r  deel p lan ts  a  8ed end 
A r c t i c  are l i m i t e d  by the perms tortage o  co ld  w t  
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?ha c o l l e c t i o n  systems p r e s e n t l y  on t h e  merket  can be c lasaed  i n  f o u r  groups: t n e  a r y  
type, the  sa l f -conta ined wet type, the flow-through wet type, and the r e c i r c u l e t i n g  wet type 
[A l te r ,  1969bl. The dry type includes the o l d  p r i v y  and the chamber pot  which ere unaccepta- 
b le .  Chemica l  and i n c i n e r a t o r  t o i  Le ts  a r e  d ry  t y p e  commodes wh ich  have odor and d i s p o s a l  
problems. The wet type se l f -conta ined u n i t s  f Lush t o  a  ho ld ing  tank t h a t  must be emptie 
less o f t a n  than chemical o r  i nc ine ra to r  t o i l e t s  and the odor problem i s  more eae i ly  cont 
The wet type,  f l ow- th rough  u n i t s  I n c l u d e  t h e  t y p i c a l  system found i n  most modern horn 
systems t h a t  use combustibla f l u i d s  f o r  f l u s h i n g  and t ranspor t ing  waste d i r e c t l y  t o  an i r  
e t o r  o r  b o i l o r .  Water t r a n a p o r t  u n i t s  r e q u i r e  l a r g e  q u a n t i t i e s  o f ,  and a  c o l l e c t i o n  I 
d, bu t  
r o  1  led. 
es end 
l c i n e r  
t h a t  1s protected from freezing, end c o l l e c t i o n  methods using combustible f l u i d s  t h a t  present a  
f i r e  hazard. The most promising u n i t s  f o r  the water poor a r c t i c  ere the c i r c u l a t i n g  w e t  type 
cornmodea. They represent the next step pest  the wet self-contained type by t r e a t i n g  the waste 
w i t h  biological, chemical o r  phys ica l  processes a t  the po in t  o f  o r ig in .  The residue i s  then 
i n f r e q u e n t l y  removed and d iaca rded. There e r e  many v a r i a t i o n s  o f  t hese  systems, i n c l u d i n g  
vacuum t ranspor t  and c o l l e c t i o n  and p o s i t i v e  pressure systems. 
Central  community sewage t reatment can be done by b i o l o g i c a l  methods, physical-chemical 
methods, o r  i nc ine ra t i on  [Rice, 19751. B i o l o g i c e l  treatment, wh i le  common i n  warmer areas, i s  
r e t a r d e d  by t h e  co ld ,  and t h e  f r o z e n  s t a t e  o f  t h e  g'round p rec ludes  adequate s e p t i c  systems. 
The co ld  re tards  anaerobic decomposition [sept ic ]  more so then aerobic processes t h a t  work w e l l  
a t  warm indoor temperatures. These "act ivated eludge" and "extended aeration'% processes pro- 
duce a  s  ludge which can ba incinerated. Physical-chemical treatment i e  a  complex, expensive, 
we ta r  t r e a t m e n t  technique.  I n c i n e r e t i o n  i s  a  p r a c t i c a l  a l t e r n a t i v e  f o r  t h e  disposeL o f  t h e  
eludge produced by o ther  treatment methods. 
I n  the future,  techniques may be developed t o  use the wastes f o r  the supply o f  n i t rogen t o  
the n i t rogen poor a r c t i c  landscape [Rice and A l te r .  19751. 
Water l i n e s  used f o r  f resh water d i s t r i bu t i on ,  sewage c o l l e c t i o n  and t a t  l i n g s  disposal  ere 
very suscept ib le t o  freezing. Once frozen, e  bur ied  Line i s  d i f f i c u l t  t o  excavate, replace o r  
thaw. P ipe  i n  t h e  nonpermaf roet  a reas mey be b u r i e d  below t h e  f r o s t  Layer, c o n t i n u o u s l y  
c i rcu la ted,  insu la ted o r  heated. I n  permafrost areas, best r e s u l t s  are obtained w i t h  the use 
o f  heated, e levated u t i  l idors.  A  u t i  l i d o r  system i s  employed a t  the  Uni ted Keno H i l l  Company 
town o f  Elsa I n  the  Yukon T e r r i t o r y  f o r  water, sewer, steem heat, end e l e c t r i c i t y  d i s t r i b u t i o n  
w i t h  no problems. Burying the u t i  l i d o r  may r e s u l t  i n  permafrost thaw, u t i  l i d o r  set t lement and 
pipe breakage. C l i n ton  Crask, Yukon T e r r i t o r y  bur ied  u t i l i d o r e  above ground whenever perma- 
aw f e i  l u res  were discovered. 
some narthern Locations, insu la ted water eupply Lines arm Laid on the ground, Pipes 
L a i d  on t h e  ground arm i n s u l a t e d  w i t h  e i t h e r  foam t y p e  o r  f i b e r g l a e m  i n s u l a t i o n  end have a  
pro tec t ive  covering. A  r u l e  o f  thumb a t  the  A n v i l  Mine I s  t o  keep weter f l o w i n g  a t  seven f e e t  
per sacond t o  prevent f reeze up on the coldest  days. The need f o r  ineu la ted pipe has prompted 
DuPont o f  Ceneda t o  develop a  p l a e t i c  p re lnsu la ted pipe (O'Brimn, 19761. Ear ly  i nd i ca t i ons  are 
tha t  t h i s  p ipe i e  w e l l  su i t ed  f o r  the  job. The p ipa  canes i n  many diPferent  e izas and InsuLa- 
t i o n  th ickness f o r  use ae water, sewer o r  cor ros ive  me te r i a l s  Linea. The insu la t ion ,  polyure- 
thane foam, i s  jacketed w i t h  e i t h a r  a  p l a e t i c  o r  s t e e l  ou ter  Layer. The pfpe hes thermoatati- 
c a l l y  con t ro l l ed  heat t r a c i n g  ceblee t o  prevent fremze up and f e c l l l e t e  thaw. I n  t e s t s  where 
the  Llne was frozen and then thawed by heat trace, no repa i r s  were required becauea the p l a s t i c  
sxpanded w f t h  t t  T h i s  p i p e  [ S c l a i r e o r l  i e  p r e s e n t l y  i n  use a t  t h e  Anvi  L Mine, i n  t h e  
Yukon T e r r i t o r y .  
S p a c i a l  a t t e n t i o n  must be t e k a n  i n  t h e  dee ign o f  t e i l i n g s  ponds. Mere l y  ex tend ing  t h e  
dimcharge Line t o  the  pond w i l l  r e s u l t  i n  a  bui ldup o f  frozen t a i l l n g e  a t  the end o f  the pipe. 
The eccumulated f r o z e n  m a t e r i a l  w i l l  n o t  m e l t  c o m p l e t e l y  d u r i n g  t h e  s h o r t  summer and o v e r  
s e v e r a l  seasons w i  11 p r e v e n t  t h e  t e i  L ings  pond f r o m  f u n c t i o n i n g  e f f e c t i v e l y .  A  s u c c e s s f u l  
deeign includee e u f f i c i e n t  pond depth t o  insure  discharge o f  t a i l i n g s  balow the surface ice. 
One such design a t  Whitehorse Copper u t i l i z e s  a  pond 9 t o  12 meters 130 t o  40 fee t ]  deep which 
i s  completely successfu 1. 
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A t  1 I r s  f i n d  i t  necessary t o  r u n  conveyors f rom a warm b u i l d i n g  t o  a c o l d  
autsida I LLy though, conveyors should be run e n t i r e l y  i n  the co ld  o r  e n t i r e l y  i n  
the warm haw cyc le  o f  the  ma te r i a l  being handled w i l l  cause problems a t  t r ans fe r  
po in t s  end w i l l  b u i l d  up on r o l l e r s ,  pu l l ays  end on the bel t .  A  b e l t  operated i n  the co ld  may 
take 25 percent more power t o  operate then i n  the werm summer months [Oszter, 19651. Addit ion- 
a l  power i s  needed because of the s t i f f n e s s  o f  the be l t ,  increesed v i scos i t y  o f  the Lubricants, 
increased r o l l e r  weight from b u i l d  up, increased s t i f f n e s s  o f  the Load and rubbing on the b e l t  
by b u i l t  up m a t e r i a l  on sk i r t ing .  The Whitehorse Copper Mine uses heat t o  solve these prob- 
lems. The conveyors a r e  enc losed and t h e  enc losu res  a r e  used t o  d i s t r i b u t e  h a t  a i r  f r om one 
but l d i n g  t o  the next. Another s o l u t i o n  could inc lude Larger t r ans fe r  points,  thereby reducing 
bu i ldup and the need f o r  c o l d  weether Lubricente, spot heat ing o r  the add i t i on  o f  chemicals. 
Chemicals may prevent freezing, bu t  w i l l  increese cor ros ion  and may a f f e c t  process chemicals i n  
the m i l l .  Spot heat ing creates hazards t o  operators and mechanics and i s  usua l ly  inadequate. 
M a t e r i a l  m i  11 f r e e z e  t o  c o n v e n t i o n a l  rubber  Lagging more r e a d i  l y  t h a n  t o  a s t e e l  p u l l e y .  A 
t h i c k e r  LaggSng w i L L  f l e x ,  b r e a k i n g  t h i s  f r o z e n  m a t e r i a l .  The use o f  p rope r  c o l d  weather 
greases and o i l s  i s  essent ia l .  A b e l t  w i t h  summer grease t h a t  i s  stopped on a co ld  day may no t  
r e s t a r t  u n t i  1 spr ing .  A t  C l f n t o n  Creek Mine, i d l e r  grease was changed f o u r  t i m e s  a yea r  t o  
insure c e operetion. lont i nuou 
m 
The Long co ld  w in te r  months exer t  a c o n t r o l  over t ranspor ta t ion  and const ruc t ion  schedules 
n o t  seen i n  warmer areas. Ra re l y  w i l l  en e l l  weather h ighwey o r  r e i l r o e d  be found anywhere 
near an a r c t i c  p ro jec t  s i te .  Most l i k e l y  men end sma l l  suppl ies w i  11 be t ransported by plane 
end a seasonal shipping mode w i  11 be used f o r  const ruc t ion  mater ie ls.  During the co ld  w in te r  
months, s leds p u l l e d  by c rawler  t r a c t o r s  [ca t  t r a ins1  provide access. These t r a i n s  Leave few 
permanent s c a r s  on t h e  c o u n t r y  and e r e  Less expensive t h a n  a i r  f r e i g h t .  Frozen r i v a r s  and 
lakes provide a good running surface f o r  most of the winter .  During the summer months, barges 
y a r c t i c  r i ve rs ,  and ships can t~ During the sp r i ng  and 
~y Locations are r e s t r i c t e d  t o  a i  
can nevj 
f a l l  mon 
gate man 
the ,  man 
'e lopment i s  u s u a l l y  done on a t i g h t  schedu le  i , ,,,,. ", ,,,,,duct need. Unexpected 
prob lems can s e v e r e l y  hamper c o n s t r u c t i o n  sc l  end pro jec ted s t a r t  up dates. Disaster  
s t r u c k  t h e  deve lopera  o f  t h e  Asbestos H i  11 Mine I Nov. 1,  1972 t h e  Lest  barge f rom t h e  
Las t  cargo s h i p  o v e r t u r n e d  i n  160 f e e t  o f  wete l  150 tons  o f  cargo ware Lost  [Thurner,  
19781. The ma te r i e l  consisted o f  conveying equib ..,., ,rocesa machinery and s t r u c t u r a l  steel. 
Sa 1 vaga o f  the  qua and the  next  shi I 1  The ma1 
had t o  b red  end f l I tha eite. The s wered tl 
insurenc he added c 8 i  r f r e i g h t  wee 
was out  
a raorde 
a, bu t  t 
tstion, 
Lawn t c  
lost o f  
rave l  t h ~  
r t r a v e l  
iedu l e e  
I when or 
?. Over 




no t  a r r i  
' the Lor 
ve u n t i  
r t  good 
summer. 
WBS PBCl 
t e r i a l  
irough 
L im i ted  outs ide const ruc t ion  work i n  c o l d  weather a lso play-  I " m r t  i n  the scheduling o f  
meter ia ls  shipments. The i d e e l  s i t u e t i o n  i s  t o  complete the foundation end basic s t ruc tu re  i n  
t h e  warm months, and t h e n  f i n i s h  i n s i d e  work  d u r i n g  t h e  w i n t e r .  C o n s t r u c t i o n  companies i n  
Fairbanks would, i n  the  pest, rush e l l  summer t o  complete p ro jec t s  on ly  t o  have men end t o o l s  
i d l e  a l l  winter. Recently, a great  deal o f  e f f o r t  has gone i n t o  p lanning p ro jec t s  so t h a t  the 
men work a l l  year. Baeic foundatiorl work i s  performed i n  the warm months, but  const ruc t ion  
proceeds th rough  t h e  w i n t e r  by work ing  men i n  t h e  c o l d  u n t i l  p r o d u c t i v i t y  f a l l s  below 85 
percent .  Beyond t h i s  p o i n t ,  work proceeds i n  enc losu res  b u i l t  o f  two by f o u r  lumber and 
polyethelena p las t ic ,  Plywood, ineulat ion,  and vapor b a r r i e r s  ere sometimes used. I n  windy 
areas, gusset p la tes  are added t o  the framing. The b u i l d i n g  can then be heeted by temporar i l y  
i n s t a l l e d  hot  a i r  furnaces. The caste o f  heat ing these s t ruc tures  i s  est imated t o  add about 
two percent t o  the  b i d  cost. However, u t i l i z i n g  workere i n  a y e a ~ r o u n d  nonovertime basis more 
than o f fae ts  the coat  o f  heating. 
enother  
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The concept - o f  en enc losed work area i s  c i , 
U s i b e l l i  Coa l  Mine a t  Heely,  Alaska. The e r e c t i o n  o f  I 
i ns ide  a fabr ica ted s t a e l  b u i l d i n g  t o  insure  proper weldi,,, ,,,v,nu,,,,,=B,b. w u , r u , , n ,  , 
so t h a t  i t  can be s l i d  a p a r t  t o  a l l o w  a c rane t o  Lower l a r g e  components i n t o  place. The 
const ruc t ion  achedule c a l l s  f o r  the  drag l ine  t o  outgrow the b u i l d i n g  by ApriL, a t  which t ime  i t  
w i l l  be removed and the remainder of the work completed i n  the warmer spr ing  weather. 
BLASTING FROZEN GROUND 
When water I n  rock freezes i t  changes phase, a l t e r i n g  the  phys ica l  character o f  rock, and 
therefore i t s  reac t ion  t o  b last ing.  Fa i l u re  t o  consider the changed character o f  frozen rock 
may r e s u l t  i n  the c rea t i on  o f  large blocks and s labs which ere d i f f i c u l t  t o  load. The ve loc i t y  
a t  wh ich  shock waves t r a v e l  t h rough  t h e  rocks,  t h e  dynamic Young's modulus o f  e l a s t i c i t y ,  
Poleson's r a t i o  Lume e l a s t i c i t y ,  and o t h e r  sheer  modulus e r e  a l l  a f f ec ted .  
18 t h e  valuea o f  these parameters  t o  i n s u r e  t h a t  t h e  b l e s t  i s  
, modul i  
i n g  can I 
d. 
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dascr l  d [I9721 bes the shock type breakage process i n  th ree stages, b r i e f l y  as fo l lows:  
stage one consists o f  e shock wave t r a v e l i n g  a t  From 3,000 t o  5,000 meters per sacond outward 
f rom t h e  hole. T h i s  shock c r e a t e s  r a d i a l  c racks  f rom t h e  t e n g a n t l a l  s t resses.  The sacond 
stage coneists o f  a rebound shock from the f r a e  face t h a t  creates a tenston wave and since rock 
i a  week i n  tension, pr imary f a l l u t e  cracks develop. These f i r s t  two stages cond i t ion  the rocks 
f o r  stage three whereby expanding gases push the rock outward. This outward expansion produces 
tension s t ress  el sge occurs along cracks produced i n  stages one and two. 
ks f a i l  t y p e  f a i l u r e  o r  shear t y p e  f a i l u r e  depending upon t h e  r a l a t i o n s h i p  
oezween the  dynemic loading ve loc i t y  o r  shock wave va loc l ty ,  end the  seismic ve loc i t y  o f  the 
rock. Shock f a i l u r a  occurs when the shock wave ve loc i t y  i s  greater  than the saismlc ve loc l ty ,  
snd shear  f a i l u r e  occure  when i t  i s  Less [Lang, 19761, Sheer f a i l u r a  r e s u l t s  i n  t h e  r o c k  
sbsarbi ng the explosi  ve energy I n  p l a s t i c  deformatlon ra the r  than f ragmentetion. Tha rock then 
brsaka i n  larae blocks end slabs. Therefore a w e l l  designed b lae t  w i  ll produce e shock wave 
than the saiemic velocl ty .  
The ve loc t t i ee  o f  f rozen ground are  increased o w r  thoae o f  thawed ground (lang, 
1878, Ga I ;  the amount of Increase dapende upon the moisture content o f  the rock. Dry 
Frozen rocks show only a s l i g h t  increase i n  veloci ty .  Serious b l a s t i n g  probleme occur when the  
f r o z e n  rock  exceeds e i g h t  p e r c e n t  (Lang, 19761. Tes ts  a t  Knob Lake 
problems occur a t  a moisture content o f  15 t o  18 percent [Lang, 19761. 
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.--LO %I alsplays the a l a e t i c  Contrasts f o r  the middle I r o n  format ion [MIFI a t  Knob Leke, 
Ouebac, a t  v a r y i n g  temperatures.  The MIF o r e  l a  e s a a n t i a l l y  f i n e  t o  medlum g r a i n a d  b l u e  
hemat i te and s i l i c a  w i t h  a moisture content general ly from 5 t o  8 percent. Tho M I F  ore makes 
up t h e  b u l k  of  t h e  o r e  a t  Knob Lake, and has a densi  t y  of 3.8 grams p e r  c u b l c  can t1  meter  [224 
pounda p e r  c u b i c  foot].  Poisaonls r a t i o  i s  t h e  r a t l o  of  L a t e r a l  t o  l o n g i t u d l n a l  s t r a i n  when 
Longi tudinal  s t ress  i s  applied. This i s  an energy storage value, and b e t t e r  frmgmentation can 
be expected if t h e  va lue  i s  Low [Lang end Farreau,  19721. Youngts modulus r e l a t e s  Load t o  
compression o r  expansion i n  t he  d i r e c t i o n  o f  the Load. I f  Young's modulus i s  high, more energy 
must be suppl ied t o  f r ac tu re  the  rock [Lang, 19721. The marked increase i n  a l l  values i n  Table 
6-1 f o r  f rozen ore has a det r imenta l  e f f e c t  on blasting. The increase i n  seismic ve loc i t y  w i l l  
requ l re  exploaives w i t h  shock wave v e l o c i t i e s  s u f f f c l e n t l y  h igh t o  ensure shock type fa i l u re ,  
The Increases i n  e l a s t i c i t y  and Poisson's r a t i o  i nd i ca te  an increased capaci ty t o  absorb energy 
when frozen. Th is  energy ebaorption f u r t h e r  hampers proper f ragmantation. Results simf l a r  t o  
i n  Tab la  6-1 were found by t e s t i n g  t h e  o r e  a t  t h e  Asbestos H i  1 1 Mine, Quebec 
1s and s l  
ng, Con 
s t ing  prE 
.,..lng t o  companeete f a r  these rock proper t ies  w i l l  r e s u l t  i n  the  ore being broken i n t o  
rig blocb abs. Excessive beck breek cen also be expected, whlch can be con t ro l l ed  w i t h  
rresheari lpu ter  evaluat ion o f  rock propar t ias  and explosive cha rac te r i s t i cs  w i l l  op t i -  
n i  ze b lar hctice i n  frozen ground. 
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.rL- seas one^ r r u r ~  Layer can be a  prob lem f n nonparmaf ros t  areas. T h i s  seesona 1 f r o s t  
,o e l g h t  f e e t  a t  Knob Lake, Quebec, and requ i res  the use o f  f r os t  holes f o r  sa t is fac to-  
is. Frost  holes are d r i l l e d  between standard f u l l  depth holes t o  the depth o f  f ros t .  
lolee are not  used, lerge slabs o f  ore w i t h  h igh  i c e  content remein a f t e r  the blast. A 
,,,,rge, wh ich  i s  a  charge suspended a t  t h e  f r o s t  Leve l  i n  a  f u l l  depth  ho le ,  does n o t  
adequate f r e g m e n t e t i o n  [Champagne, 19771. F r o s t  h o l e s  a t  Knob Lake a r e  Loaded w i t h  
r t y  pounds o f  AN/M [Champagne, 19771. Figure 6-1 shows a  common f r o s t  hole pattern. 
. . -" 
.atad t o  
:an damat 
.td. davr 
z i n g  o f  s l u r r y  and other water base axplosivea occasion other b l a s t i n g  problems re- 
1 cold. Unless these products are  s tored i n  heated bu l ld ings  they w i l l  be frozen, whtch 
c ge the primer, and the s l u r r y  w i l l  no t  adequately f i l l  the hole. Canadian Industries 
1 , loped s Low tampera tu ra  s l u r r y  i n  response t o  t h i s  need a t  Asbestos H i l l ,  Ciuebec. 
+his s lu r r y ,  Polar  Hydromex, remained f l e x i b l e  a t  minus 29% [-20°~1, warmed t o  rock tempera- 









E l a e t i c  Constant Unf rozan Mar i n e l  l y  Frozen 8 Frozen OOc 0 t o  0.6 '~ 0.6% 
aaiamic cnmnraseionel 2,103 i d s  3,383 d e  6,098 d s  
wave ve l o c i  ty 
seismic 






o f  elm=, 
nva 1,098 d e  1,623 1d8 2,033 
Poleeon's r a t i o  0.13 0.35 0.44 
~ o d u  l a  o f  w ~ u m e  1.03 x l o 5  2.91 x 10' g 11.6 x 105 L 9 e l a s t l c l t y  
[Bulk Moduluel 
3 
odulua 0.44 8 l o 5  )m 0.97 10% 1.52 # l o5  & 
cm m Ern 
arg  1973 
D r l L L l n g  c u t t i n g s  used f o r  stemming r e f r e e z e  b e f o r e  b l a e t  t ima.  I r o n  Ore Company o f  
Canada haa had some t roub le  w i t h  f rozen stamrings breaking the primacord when the ground moves 
f r o m  e praceed ing detonat ion .  One s o l u t i o n  i s  t o  use d ry  crushed r o c k  f o r  stemming wh ich  
r e s u l t s  i n  b e t t e r  containment, b a t t e r  fragmentation, a  lower powder fector ,  b e t t e r  beck break 
cont ro l ,  and Lass f l y  rock [Leng, 19661. 
3 7 
ENANCE COLD WEATHER OPERATION r UIPMENT IF PLANT AND EM 
The o p e r a t i o n  o f  e community o r  i n d u s t r i a l  i n s t a l  n t h e  n o r t h  i s  c o m p l i c a t e d  by 
remoteness and l ong  c o l d  w in te rs .  Co ld  weather change i a r a c t e r i s t i c s  o f  mete le ,  i n -  
creases the  v i scos i t y  o f  Liquids, s t i f f e n s  hoses and cabl=p, alru decrease8 employee product iv i -  
t y  and r High winds decraese the wind c h i l l  temperature causing warm objects t o  coo l  
r a p i d l y  winds a l s o  cause snow t o  d r i f t  around b u i l d i n g s ,  roads, p o r t a l s  end work ing  
a reas, o teness o f  these Loca t i ons  d i c t a t e s  e l a r g e  i n v e n t o r y  of r e p a i r  p e r t s  and 
prov is ions  f o r  back-up systems. The weather, combined w i t h  the remoteness, r e s u l t s  i n  a very 
t e  and d i f  y i n  r e c r u i t i n g  6 k i  11s. Employee prob- 
r i t h  i n  Chi o f  t h i s  report. 
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The s o l u t i o n s  t o  thesa prob lems any and v a r y i n g  ng t o  need, ope 
preference and experiance. Met icu loue planning, innovat ive so lu t ions  and extensi ve emb.,, 
t r a i n i n g  by management are key8 t o  success. But o f  co ld  weather opera- 
t i o n s  res t s  w i t h  the employees. 
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I n  the  f a l l  o f  each year, maintenance supervisors concentrate on prepar ing equipment f o r  
t h e  w f n t e r  months. Components t h a t  a r e  L i k e l y  t o  need rep lacement  d u r i n g  t h e  w i n t e r  e r e  
replaced before w in te r  sets in. At  Pine Po in t  N.W.T., dipper s t icks ,  booms and sha f t s  t h a t  are 
known t o  f e l l  i n  t h e  c o l d  a r e  megn i f l uxed ,  and rep laced  i f  c racks  e r e  found [Scarborough, 
19681. Lubr ica t jon  systems are checked f o r  worn components end t o  see t h a t  proper co ld  weather 
products are being used. ALL p ro tec t i ve  equipment and h~ 
pa i  red. s t  co ld  s p e l l  o f  the  season w i  11 
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Ourlng Long c o l d  s p e l l s  i t  i s  necessary t o  provlde heetad storage f o r  a l l  equlpmel 
operat ing around the clock. Whenever posei ble, rou t ine  ince and repa i rs  ere per1 
i n  heated shops. An a l t e r n a t i v e  t o  a heated serv ice  bu i  e serv ice  t ruck  w i t h  a 
s e c t i o n  f o r  a l l  o i l  and grease s torage,  pumps end hos Appendix J1. I f  a brae 
occurs i n  the  f i e l d ,  temporary repa i rs  are made t o  a l low m e  orsabled equipment t o  be towea t o  
the heated shop f o r  proper repa i r s  and warm up before str Repairs undertaken i n  the open 
on a sub-zero day w i t h  a atrong wind r i l l  taka much long np le te  and run e higher r i s k  o f  
being improper ly performed. I t  i s  espec ia l l y  d i f f i c u l t  successful major welding re- 
pa l  r s  because o f  the  need t o  apply Large auan t t t l es  o f    BUG G O  r e l i e v e  strees. 
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The importance o f  on-aite meintenar phasizad. Meintenanee 
departments, o f  neceeai t y ,  develop the ebui l d i n g  needed. For 
example, the maintenance ehop e t  Whiteh~rma Lmppur- m r l r u  r;alr uu I r u  1-ur r r~8ment  hydrau l ic  cy l j n -  
ders Less~axpensively on s i t e  than they can buy them [Ju These homemade cy l i n -  
de rs  a r e  o f t e n  b e t t e r  t h a n  new because they  have been I mod i f i ed  t o  w i t h e t e n d  
operat tng atreeses a c t u a l l y  experienced. Such prac t ices  nence crew w i t h  a h igh  
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ra i l r oeds  have found t h a t  t r e i n s  need t o  be ahortened br 
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t ha r  s o l u t ~ o n  used by some northern operetars i s  t o  shut down dur ing the coldest  weeks, 
a l l ow ing  extended vacations and Leaves. This per iod  i s  used f o r  p lan t  end equipment mainte- 
Asbestos H i l l  i n  A r c t i c  Quebec f o l l o w s  t h i s  plan, shu t t i ng  down f o r  s i x  weeks [Darners, 
Tho 
Layouts 
6  m i l es  
f e e t  abo 
s t rong winds encountered a t  many a r c t i c  locat ions may nacassi tate snow fences, spec ia l  
o r  snow removal crews. O i l  w e l l  d r i l l i n g  craws i n  tha a r c t i c  use snow fences as f a r  ea 
up wind t o  keep d r i l l  pads c lea r  enough fo r  work t o  proceed. E levat ing  roadways 6 t o  8 
v e  the surrounding t e r r a i n  w i  1  1  keep the surface reesonably c l ea r  [Luciani , 19761. 
;ens ive  m o d i f i c a t i o n s  a r e  neceesary f o r  equipment t o  f u n c t f o n  p r o p e r l y  i n  very c o l d  
(Burrows, 19741. Door seals may sha t te r  i n  the c o l d  i f  they Loose t h a i r  f L e x i b i l f t y .  
su i t eb le  mater ia ls  inc lude buna N, colorprene, EPDM and s i  Licones. P l a s t i c  becomes 
D ~ I Z Z L U  i n  t h e  c o l d  and breaks  e a s i l y .  P l a s t i c  see tcove rs  become s t i f f  and s p l i t ;  f a b r i c  
seatcovers are more durable end are warmer t o  s i t  on. Vehicle hoses f o r  o i  1, cooLent, a i r  etc. 
need t o  remain  f l e x i b l e  a t  t h e  expected Lower temperetures.  Many manu fac tu re rs  make hoses 
s u i t a b l e  f o r  c o l d  r e g i o n  use. T e f  LOR, ny lon ,  f i b e r g l a s s ,  s i l i c o n e s  end po l yca rbona tes  arm 
eccepteble f o r  such hoses and o ther  components. Operator's cabs requ i re  ex t re  heaters, insula-  
t i o n  end work L igh ts ,  end t h e  equipment shou ld  have a u x i  L l a r y  L i g h t s  t o  i L lumina ta  t h o  work 
erea. E l e c t r i c a l  w i r i n g  must remain f l e x i b l e  i n  the co ld  o r  i nsu la t i on  w i l l  break and cause 
shorts. Bat te r ies ,  a l t e rna to rs  and s t a r t e r s  need t o  be heavy duty t o  ho ld  up t o  the increased 
demands o f  coLd weether. Tubeless t i r e s  requ i re  tubes o f  na tu ra l  rubber t o  prevent Leakage. 
S y n t h e t i c  hydrocarbons p e r f o r m  w e l l  f o r  L u b r i c a t i n g  f Lu ids  end greases end a r c t i c  t ype  SAE 
1707E brake f l u i d  i s  s a t i s f a c t o r y .  A  h i g h e r  brake p ressu re  i s  needed t o  overcome t h e  c o l d  
s t i f fness .  F i r a  ext inguishers w i t h  CO prope l len t  w i  11 no t  f unc t i on  i n  the cold, but  n i t rogen 
charged u n i t s  work w e l l  a t  minus 5 4 ' ~  7 - 6 5 ' ~ ~  
i s t e a l  
f r e c t u r  
ssponse, 
. . 
Normal m i 1 1 i n  machine frames and components becomes b r i t t l e  when exposed t o  co ld  
weethar and may *e when s u b j e c t e d  t o  no rma l  loade. F i g u r e  7-1 d e p i c t s  t h i s  change i n  
s t r e s s  s t r a i n  rl The i n f o r m a t i o n  i n  F i g u r e  7-1 i s  p resen ted  w i t h o u t  s c a l e  s i n c e  t h e  
values depend on s t e e l  type, Loading r a t e  end component geometry [Van VLack, 19761. fempara- 
ture-induced b r i t t l e n a s s  when combined w i t h  e  s t ress  r i s e r  [notch, crack, other erea o f  s t ress  
c o n c e n t r a t i o n ]  i nc reasae  t h e  p r o b a b i l i t y  o f  a f a i l u r e .  A m a j o r  s t r u c t u r a l  f a i l u r e  i n  t h e  
coldest  p e r t  o f  the w in te r  means a  very d i f f i c u l t  r epa i r  job. Figure 7-2 ind ica tes  the bahav- 
i o r  o f  a  bar i n  tension w i t h  a  sma l l  creck. At  room temperature, the  e t ress  concentratfon a t  
the  base o f  the crack i s  re l i eved  by p l a s t i c  f l ow  [sea Figure 7-11. At  very co ld  temperatures 
the  s t ress  i a  no t  re l i aved  and f a i l u r e  i s  rap id  as the  u l t i m a t e  s t r a i n  c a p a b i l i t y  i s  exceeded. 
Operators i n  co ld  ragione spec i fy  a l l o y  s t e e l  w i t h  acceptable co ld  weather cha rac te r i s t i cs  t o  
solva t h i s  problem. USS T-1 i s  a  quenched tempered, Low carbon, low n i c k e l  a l l o y  s tee l ,  w i t h  
woven good serv ice i n  sub-zero temperatures t o  minue 4 6 ' ~  [-5IJ0~1. 1-1 s t e e l  i s  o f t en  speci- 
f i e d  on new equipment and f o r  replacement parts. For h igh  e t ress  parts,  A.S.T.M. spec i f i ca t i on  
A-203, A-380 I2 1 / 4  p e r c e n t  n i c k e l  e l l o y l  i s  s u i t a b l e  f o r  t empera tu res  t o  minus 5 7 ' ~  [ - 7 0 ~ ~ 1  
[Oerter, 19651. Other s tee l s  t h a t  perform w e l l  t o  minus 4 8 ' ~  [-55'~1 are I.N. 787, 4130, 4140, 
and 1018, A36-FGP-K-N. LTM. A-537A, A-5378 and A-516-70-N [Burrows, 19741. 
Gears o f  forged madium-cerbon s t e e l  have excessive f a l l u r e s  i n  coLd weather. Forged s t e e l  
gears have a  gra in  o r i e n t a t i o n  p e r e l l e l  t o  the  gear circumference. The use o f  cast  manganese- 
molybdenum a l loy ,  which has a  random g ra in  o r i e n t a t i o n  w i t h  graater  s t rength  combined w i t h  en 
improved too th  design, has reduced f a i l u r e s  f o r  the I r o n  Ore Company o f  Cenade t o  acceptable 
leve ls  [Ritcey end K i  lburn, 19691. 
Are 
o r  desig 
i nspec t i  
r a p a i  r e '  
as o f  s t ress  concantrat ion can ba i d e n t i f i e d  from pest  f a i l u res ,  s t r a f n  gauge t e s t i n g  
In analysis. Once i d e n t i f i e d ,  these areas can be re in forced o r  redesigned. During F a l l  
on these areas should be included i n  an inspect ion  program 80 tha t  any cracks can be 
d  [Woodle, et. el., 19831. 
Operator t r a i n i n g  f o r  co ld  weather operat ion i s  the  most important  f a c t o r  i n  successful 
w in te r  operation. The key word i s  "gentlyw. Operators must avoid dumping Large boulders o r  
frozen chunks i n t o  an empty t ruck  bed. A  Largo boulder dropped from a  Loader bucket can cause 
an impect load on Loader components because of t he  rap id  unloading. Using a  loader as e  dozer 
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Illll~dit~y LIIU ~ ~ ~ . k e t  i n t o  a f rozen p i l e  may cause bucket f a i l u r e  [DeMelt, 19731. Careless and 
;bought lest a no place e t  any mine, bu t  can be doubly damaging t o  equipment i n  the 
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11s cause s p e c i a l  p rob lems f o r  p i t  o p e r a t o r s  because t h e i r  s i z e  end L i m i t e d  t r a v e l  
tpeed precludes the use o f  heated storage and serv ice  areas. To insure t h a t  d r i  11s which are 
~ s e d  t o  the  co ld  remain operative, c e r t a i n  modl f i ca t ians  are made. Crews a t  
)any of Canada a t  S c h e f f a r v i l l e  s t r i p  new d r i l l s  t o  t he  frame and r e b u i l d  them 
conditons. The frame i s  extended two feet  and a machine house b u i l t  around 
ILL of the  components. The machine house and cab are preseurized by e t tach ing e c u l v e r t  pipe 
m i  L L  mast. A f e n  I s  f i t t e d  a t  t h e  t o p  [See F i g u r e  F-2 o f  Appendix FI. The i ncoming  
lated, and add i t i ona l  heaters are i n s t a l l e d  i n  the cab f o r  operator  comfort. Compres- 
an t  and L u b r i c a t i o n  o i  1 a r e  heated t o  ensure p rope r  o p e r a t i o n  a t  s t a r t  up [Ca r r  et. 
I These heaters shut o f f  when the compressor i s  on, and remain on when the compres- 
i a n t  h e a t e r s  keep t h e  h y d r a u l i c  and au t  L u b r i c a t i o n  sys l  , k i n g  o m a t i e  tams wor 
Gear uoxua t h e t  a r e  subJected o n l y  t o  o c c a s i o n ~ l  use a r e  o f t e n  f i t t a d  w l t n  e l e c t r i c  
immers ion  h e a t e r s  t o  keep t h e  a i  1 warm enough t o  p r o v i d e  p rope r  Lub r i ca t i on .  Thermosta ts  
shou ld  n o t  be used on these h e a t e r s  because they  i nc rease  t h e  chances o f  f a i l u r e  end add t o  
maintenance costs. Most l ub r i can ts  can t o l e r a t e  continuoue haat ing a l l  w in ter  w i thout  carbon- 
i z i n g  i f  energy output i s  kept below e igh t  watts per square inch o f  heet ing surface [Cerr et. 
t r i c  powered d r i  used whenever a u f f l c i e n t  power i s  available. Movement o f  the 
I r i  11 t h e n  r e q u i  re8  a t r e i  L i ng  cable. Neoprene cable- covers  become b r i t t l e  and 
ureak i n  t h e  co ld .  S a t i s f a c t o r y  c a b l e  L i f e  i s  a t t a i n e d  w i t h  t h e  use o f  a 80 p e r c e n t  n a t u r a l  
rubber  j a c k e t  mee t i ng  ASTM s p e c i f i c a t i o n  D532 [Carr ,  et.al., 19641. N a t u r a l  rubber  i s  used 
because the  temperature s t  which b r i t t l e n e s s  occurs can be modified. Natural  rubber I s  suscep- 
t i b l e  t o  de te r i o ra t i on  from sun l i gh t  and o i l  contamination, bu t  t h i p  I s  Lase o f  a problem than 
he cold. 
anever p rac t i ca l ,  shovela ahould be replebed by Large rubber t i  red f ront-end Loaders. 
I can u t i  L i r e  heated a to rage  and s e r v i c a  areae a long  w I t h  t h e  o t h e r  m o b i l e  equipment. 
ne rower  c a p i t a l  c o s t  o f  a Loader f l e e t  may make a beck up u n i t  p r a c t i c a l  f o r  t h e  s m a l l  
- g 'g reater  a v e i l a b l l i t y .  I f  the use o f  ehovels cannot be avoided they should 
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xper i  enc 
I n s u r i n  
d w i t h  c 
ore  and warte a t  the I r o n  Ore Company o f  Canada mines a t  SchefferviLLe, Ouebec are wet 
no s t rery ,  r e s u l t i n g  I n  ma te r i e l  f reez ing t o  the sides o f  co ld  shovel buckets. Thawing t h i s  
l a t e r i a l  by burning oi l -soaked straw may damage the manganese s t e e l  bucket. E l e c t r i c  heaters 
n the buckets have solved the s t i c k i n g  problem [See Figures F 3  and F 4  o f  Appendix F1. EIght  
500 w a t t  h e a t e r s  were placed,  two i n  each s i d e  and f o u r  on t h e  bo t tom o f  t h e  bucket  [Car r ,  
n m r l  
" ibrat ion,  moisture end power supply probLeme heve been solved by mounting the heaters 
w i t h  a specie 1 heat r e s i s t i n g  resf 1 L ien t  compound around the connection and covering 
h e 1 / 2 " p l a t e  o f  ab ras ion  r e s i s t a n t  h l g h  s t r e n g t h  s tee l .  T h i c k e r  wear p l a t e s  have 
ed expansion and cont rac t ion  prob leme. 
Shovs l  s t i c k s  heve been broken i n  c o l d  weather f o r  reasons o u t l i n e d  above under s t e e l  
esponse t o  Cold. Fa i l u re  o f  the automatic Lubr icat ion system on the s t i c k  cauaes damage t h e t  
esu l t a  i n  area8 o f  s t ress  concentration. I r o n  Ore Company of Canada aolved t h i s  problem by 
rder ing  shovel s t i c k s  made from an AISI 4620 a l l o y  s t e e l  c e n t r i f u g a l l y  cast  tube, machined t o  
1/32" to lerance (Ritcey and Kt  lburn, 19691. An eutomatic spray Lubr icat ion system combined 
i t h  s t r i p  heat ing a lso  solved t h i s  problem. S t r i p  heat ing o f  s t r u c t u r a l  components ahould be 
p p l i e d  w i t h  c a u t i o n  s i n c e  i t  may c o n t r i b u t e  t o  d i f f e r e n t i a l  axpansl  on and c o n t r e c t i o n  and 
ause f a i l u r e  [DeMelt, 19731. 
RapCd weer ana r a t  Lure or swing-rack gears an0 prnions a t  Schefferv i  l l e ,  Quebec, required 
t h e t  the forged swing-rack gears be replaced w i t h  cast  manganese molybdenum e l l o y  gears. The 
design o f  the tae th  was chenged [see Figure 7-31 t o  achieve a Larger radius o f  curvature a t  the 
roo t  o f  the taeth, thereby reducing @t ress  concentrat ion [Carr, et.al,, 19641. 
Shafts subjected t o  h igh impact Loads develop backlash end f a i l u r e  i n  the spl ine. I r o n  
Ore Company o f  Canada solved t h i s  problem by using chrome-molybdenum o r  chrome-nickel-molybde- 
num a l l o y s  a long  w i t h  a redes fgn  o f  t h e  s p l i n e  [see F i g u r e  7-31. Uae o f  an i n v o l u t e  des ign 
r e s u l t e d  i n  reduced s t r e s s  c o n c e n t r a t i o n  and g r e e t e r  shear area a t  t h e  s p l i n e  r o o t  rcnrp-  
19841. 
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rper Lubr icar ion o t  snovei compo 
Company o f  Canada found i t  necessary t~, , ,,-m ,Mil OU~UI"O.,L L U U ~ I G ~ G I U ~  8ysr;em on 
shovels a t  SchefferviLL1 rec. Number one grease was too  t h i c k  t o  pump through automatic 
grease L ines  i n  c o l d  we The use o f  geer o i l  d i d  n o t  p r o v i d e  adequate L u b r i c a t i o n  f o r  
a n t i  f r f  c t i o n  bearings. i t  i s  now pumped t o  a11 open end aleeve type bearings and bush- 
inge. A n t i f r i c t i o n  bearings are greased by hand once each month. The open geaF spray lubr ica-  
t i o n  systems repea ted l y  f ro re ,  r e s u l t i n g  i n  inadequate  Lub r i ca t i on .  T h i s  system has been 
replaced by a d r i p  system t h a t  i s  sa t is fac tory .  A t  Pine Po in t  Mines, heated EddoLube HOX3U i s  
brushed on to  t h e  exposed gears and hood r o l l e r s  s e v e r a l  t i m e s  each s h i f t  on very c o l d  days 
(Scarborough, 19661. ALL metal  Lubr ica t ion  tubes are replaced w i t h  Large diameter me ta l -b re id  
Areoqui p h i  gh-pl lose [Scarborough, 19661. 
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~i m i  E swi scnee so prosect tne ahovels from atresses occasioned by inexperienced o r  ca 
opera tors .  S t raaa  on t r a c k  f rames can be reduced by u s i n g  e dozer t o  c l e e n  up t h e  w r  
area. To avo id  running over Large rocks, someone I s  employed t o  d i r e c t  movemmnta when 
c a t i n g  a  shovel. 




I ~ r n p a ~ c  ur I.~W COLU UUI III~~IILY m u o i  re  uquiprnunr sucn as &rucks, ruooer r;i reo Lomua 
Is  reduced by the use o f  heated bu l  ldings, proper Lubricants end c d r e f u l  o p a r a t i ~  
anew. Cabs f i t t e d  w i t h  ex t ra  i n s u l a t i o n  and heaters ineure t h a t  operators can WI  
, Caba a t  Sche f fe rv i l l e ,  Quebec have two hot  water heaters t o t a l i n g  50,000 BTU ca 
f o r  operator comfort  and adequate de f ros t i ng  o f  windows [Meyer, 13661. 
Haulege t rucks  un i ve rsa l l y  have dou P T-I s t e e l  w i t h  motor e 
passed through the space between the bo: is  necessary t o  stand up 
impac t  of chunks d u r i n g  c o l d  weather LL --...,. The exhaust  gases hea t  t h e  box so t h a t  
me te r i a l  w i  11 no t  freeze I steel. 
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Pro tec t i on  o f  motors speci a 
water as an engine coolant  ~ a s e d  on the D e i l e r  t n a t  Dearlng r a l  l u r e  r e s u l t s  should a n t i . .  ,,,, 
Leek i n t o  t h e  motor  o i l .  S ince wa te r  f r e e z e s  q u i c k l y ,  an emergency shutdown i n  t h e  f i e l d  
requires immediate drainage o f  the aystem. Ref i 1 l i n g  before r e s t a r t i n g  can be troublasome and 
the  chance o f  damage from human e r r o r  increases. Radiators o f  Large capacity t h e t  era f i l l a d  
w i t h  watar may freeze dur ing normal w in te r  operation, as happened a t  Sche f fa rv i l l e ,  Duebsc one 
w in ta r  [Cerr, et.a l., 19641. The motor coo l ing  syatem should have a thermosta t ica l  l y  cont ro l -  
l ed  fan  and rad ia to r  shutters. I r o n  Ore Company o f  Canade sets  shut te rs  a t  82OC [185°F1 w i t h  
the  temperature sensor Located a t  the  bottom o f  the rad ia to r  tank. I f  the motor temperature 5s 
e l l o w e d  t o  f l u c t u a t e  over  a w ide range, t h e  heads w i  11 develop c racks  [Garr ,  et.al., 19641. 
i s  used i l  be comp q u i  pment 
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FIGURE 7-3 
SHAFT 8 SWING RACK TEETH DESIGN 
CHANGES 
Source- Carr (1964) 
w i t h  the  chemicals on the  coolant  f i l t e r  freeze should be i t h  a volumetr ic  r a t i o  
o f  68 percent an t i f r eeze  t o  32 percent w u r e r ~ -  LU insure maximum Dror;ecr;lon [sae Figure 7-41. 




Diese l  motors should be equipped w i t h  shut t# f o r  engine overspeed, overheat 
and Low o i l  pressure. These devices should ba ! d t o  insure t h e i r  proper opera- 
t ion.  Ear ly  de tac t ion  o f  an t i f reeze and a i r  f i 1 ~ ~ 1  ruans UIIU or ComDonent wear 18 possib le i f  
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Rubber t i  red equipment has c e r t a i n  opere t in  rges i n  r 
a r e  f r o z e n  h a r d  by t h e  c o l d  and r o l l i n g  resists,,,, ,, ,wduced. 
e r h e a t i n g  and reduces p l y  sepa ra t i on .  T 
I are put  beck on i n  the w in te r  end worn 01 
i r e s  t t  
It. 
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r rs ion  he 
event sk 
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months. Haulage roads 
s a t h e r  p reven ts  "--- 
mer use I 
..,~Lega roads a r e  u s u a l l y  s l i p p e r y  i n  t h e  S p r i n g  and F e l l  r e q u i  r i n g  t r u c k s  t o  be f i t t e d  
w i t h  a 1 L i m i t i n g  velve on the f r  i ddf ng. 
u ~ l i c  ta r  
. . 
aced i n  
. As an 
Tru l rs may need t o  heve imme the hydri ~ k s  beceu 
Large volume or  o i  1 w i l l  no t  stay warm unoer winzer use, . - a l te rnet iva ,  nydrau l ic  OIL can 
be d i l u t e d  w i t h  kerosene o r  f u e l  o i l .  D i l u ted  o i l  should always be replacad when the co ldes t  
w i n t e r  weather i s  ove r  t o  p reven t  system damage. A b e t t e r  s o l u t i o n  i s  t h e  use o f  t y p e  A 
automatic t ransmission f l u i d  [Scarborough, 19661, o r  Conoco 011-600 synthet ic  f l u i d  [Burrows, 
19741. 
Many o f  the fac to rs  discussed ebovr I 1 la,  shovels, t rucks  end Loeders apply aqua 1 l y  
w a l l  t o  bul ldozers,  graders end d iese l  Bulldozers, graders, and other machines t h e t  
have hydrau l ic  cy l inders  exposed t o  the are sub jec t  t o  repeated sea l  fa1 lure. The use 
o f  o i l  soaked Leather [rawhide) seals ~ ~ U U L U ~  .,re incidence o f  f a i  l u re  (Carr, et.al., 1964 and 
Most manu fac tu re rs  01 jmpere tu rss  [Burrows, nake p r o  d u c t s  f c  Ir Low tl 
m a s  I i t t e d  w i t h  ex t ra  heetere uu nu-" the  operator comfortable and the  f r o a t  o f f  the 
w1naows, Motor rad ia to r  fans can be ordered w i t h  revers ing c a p e b i l i t y  so t h a t  warm rad ia to r  
and motor a i r  can be blown toward the operator. Fabr ic rad ia to r  covers are eve i leb le  t o  c u t  
down the a i r  f l ow  over the rad ia to r  t o  help maintain proper operat ing tamperature. Care must 
be taken t h a t  motors do no t  overheet because the  cover i s  s t i l l  i n  place dur ing  e warm period. 
va l v e s  
Ly o f  d i ~  




0se l  mus 
include 
heat, PI 
l r t e n t  
j i e s a l  
i c t i v e  
u i  ldup 
- .  
Refinerims make d iese l  fuml f o r  Local cond' rd ambient temperatures. I t  i s  impof- 
t e n t  t o  spec i fy  f u e l  w i t h  e c loud p o i n t  a t  Leas Low minimum expected temperature. The 
c l o u d  p o i n t  i s  t h e  tempara tu re  a t  wh ich  wax p r e c l p r t e t e s  f rom t h e  fue l .  Wax fo rms  a m e t r i x  
t h a t  w i  11  p l u g  screens,  f i  l t e r  l i n e s ,  and i n j e c t o r s .  T h l s  i s  en impc 
c o n a i d e r a t i o n  i f  an e n t i  r e  year 's  auppl t be d e l i v e r e d  a t  one t ime,  A I 
motor f u e l  eyetam may have t o  be redes the  f o l l o w i n g  factors:  no r e s t r  
components, components pos i t ioned near t 101 r e c i  r c u l a t i o n  t o  reduce wex b 
i n  f i  Ltars, a lde cu r ta ins  o r  enclosures t o  noLa engine heet near accessories, removabl 
tank ecreenm, Large f u e l  Lines w i t h  large radius bends, a t e r  d ra in  taps, and fue 
vent extended t o  heated area t o  prevent f r o s t  plugging. e l  tenk should be kept f 
prevent condansation. Fuel  should have a c loud po in t  of 3 t  - 65 '~  [MIR-F451212, 
480051 end a s u l f u r  c o n t e n t  Less t h a n  0.2 p e r c e n t  [Car r ,  ez.ai., 19641. The a p p l i c a t i o n  UT 
hea t  t o  f u e l  shou ld  be approached w i t h  caut ion .  I f  t h e  h e a t i n g  system remains  on I 
summer, v i scos i t y  of the fue l  cou ld  be Lowered t o  the p o i n t  where metering could be incr 
The heated f u e l  may a lso  form thermal  decomposition products t h a t  p lug  f i l t e r s .  There a r  
Improvement and moisture absorbing f u e l  add i t i ves  eva i l ab le  t o  h e l ~  insure  sa t i s fac to ry  
operat ion (Burrows. 18741. 
r run i t  
o f  Low 
Many operators keep equipment i n  t ously. Equipment 
I d l e d  fo r  severaL hours should be Left 4 4  I a m r  I U L ~  * W  I U Y Y ~ I  Gal YUII u r i  ld-p and t o  ma 
proper tanpereture and o i  1 pressure. 
e TUB1 
1 tank 
u l l  t o  
M I  L-F. 
> - -  - m  
l u r i n g  
I r rec t .  
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Cold weether s t a r t i n g  may requ i re  the use y SAE 10W [ser ies  31 mot 
[Kidman. 19711. For eaee of operation, mechanical con t ro l s  should be Lubricated w i t h  a .. 
e 
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FIGURE 7-4 
FREEZING POINT DEPRESSION OF COOLANT 
AS A FUNCTION OF PERCENT ANTI-FREEZE 
Source - Bly (1971) 
grade grease [Kidman, 19711 "nca oper0b111~. ~ I I U  m a ~ u r '  01 L snouLo oe checked every two nours 
and a got sn t ive  mai ce and i~ red [Kldman, 19711, 
t h e  end 
* I  aa.ra.4 i 
o f  ear 
C.. I--.. 
Source - Rice, E,L.,  persona^ bommunicasron, I Y / ~ .  
A t  :h s h i f t ,  o r  more Ldozar t r e c k s  shou ld  be 
oughly L L - ~ I I - U  .Y pm -gent the bu'l ldup of r1-urrr11 m a r e r i a L .  uuerazors must be c a r e f u l  t h a t  
chunks r the  blade end j a  '81 iusing h o i s t  f a i l  
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3n the hc l i s t  and blade ca 
I t h o r -  
f rozen 
d i  f i c a t i o n s  and procedures are necessary f o r  w in te r  operat ion o f  re1 l roed 
I cabooses must be j n s u l a t e d ,  f i t t e d  w i t h  a u x i  L l a r y  hea te rs ,  d e f r o s t e r  
doub le  pene windows [Woodla, et.aL., 19631. D i e s e l  motors  r e q u i r e  f u e l  and mo to r  h 
m o d i f i c a t i o n  f o r  Low tempera tu res  t o  i n s u r e  p rope r  mo to r  operating tempera tu res  ( W  
et.aL., 13631. A i r  d ryer  have proven t o  be inadequate t o  keep moisture from f rae r l ng  e l l  
L lnee [Woodle, et.81, 19631. Methane a l c o h o l  i s  i n j e c t e d  i n t o  t h e  meln  a i r  r e s e r v o i r  
r a t e  o f  one q u a r t  each day f o r  each Locomot ive [Car r ,  et.al., 19841, The use o f  wa te r  -----.. 
compressors which operate a t  a Lowar tempera ture  t h e n  a i  r coo led  compressors a l l o w s  e f t a r -  
coolers t o  do a more a f f i c i a n t  j o b  o f  e l i m i n a t i n g  moisture [Woodle, at.al., 19631. A i r  reset- 
v o i r a  can be f i t t e d  w i t h  a u t o m a t i c  wa te r  d r a i n  va l ves  [Cer r ,  et.aL., 13641. Desp i te  t hese  
precautions and because o f  the reduced draw bar strength, t r a i n  Lengths are reduced I n  the co ld  
months [Johnson, 19771, 
ow end i 
c Loss l y  
t h a t  w i l  
ce and g 
watehec 
~ h o u  l d  be 
i s i n c e  I 
. -  
I f i t t e d  
t i s  n o t  
w l t h  f l t  
uncomm~ 
L L  pound the t ra r  i b l y  f r a t  
equip- 
18, and 
o u s i  ng 
Track sanders tend t o  f i l l  w i t h  an ~p type nozzles 
[nood le ,  et.al., 18631. Wheels must be on t o  see a c a r  
t h a t  had been s i t t i n g  I d l a  b e i n g  p u l l e d  t o  t h e  o r e  Loading p o i n t  w i t h  wheels s l i d 1  
s l i d l n g  wheel w i  11 develop a f l a t  spot 
[WoodLe, et.al., 19631. 
ood l a ,  
brake 
a t  t h e  
ennl ad 
Most ore  and concentrates t ransporteo oy r a i  L are movea I n  open gonooia cars. ~ n e s e  cars 
f i  11 w i t h  snow, caus ing  t h e  m a t e r i a l  t o  f r e e z e  d u r l n g  t r a n s p o r t .  The m o i s t u r e  I n  warm o r e  
Loaded i n t o  c o l d  r a i l r o a d  c a r s  w i l l  m l g r a t e  t o  t h e  o u t s i d e  o f  t h e  l oad  and f reeze making a 
"halo"  o f  f r o z e n  o r e  wh ich  i s  d i f f i c u l t  t o  b reek  [MacLe l len ,  19731. Ore w i t h  an average 
moisture content o f  seven percent when loaded may a r r i v e  a t  the des t i na t i on  w l t h  twenty F-----* 
moistura content a t  the edges, t en  percent moistura near the edge and three percent moist 
the center. Not only i s  unloading complicated, bu t  accurate sampling I s  d i f f i c u l t .  Moi 
f rozen i n t o  a r a i l r o a d  car must be heated before i t  i s  unloaded. Usually ore cars need 
placed i n  e heated b u i l d i n g  and thawed out  before unloading. At Noranda, cars from FI1 
ere s tored i n  heated bu i l d i ngs  one day f o r  each day they ere exposed t o  f reez ing temper 
[MacLe l lan ,  19731. Car t haw ing  t i m e  a t  F l i n  F l o n  i s  based on b o t h  exposure t i m e  and o 
temperature. The F l i n  Flon b u i l d i n g  can thaw f i f t y  cars w i t h  a l x  2 m i l l i o n  BTU/hr. o i l  
and four  2 m i  LLion Bfll/hr, propane f i r e d  heaters, Ore cars a r r i v i n g  a t  Sept-Isles are 
;h i n f r a r e d  h e a t e l  1 I [Carr ,  1 u r  c a r  st -s o f  s i r  
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'atures 
u t s i d e  
, f l r e d  
thawad 
.. ~ n e  usa o f  wooden c a r  L i n e r s  o n l y  makes c a r s  more o i f f i c u l t  t o  thaw and un load 
IMeclel lan,  19731. Operators may apray the ins ide  surfaces o f  the car w i t h  o i l ,  an t i f reeze o r  
s a l t  soLut ion t o  fac t  l t t a t e  unloading f f the  cers are ro ta ry  dumped. I f  the car  i s  t o  t r a v e l  
through a range o f  temperatures es when shipped from Lynn Lake t o  Vancouver, i t  i s  covered t o  
p r e v e n t  m o i s t u r e  b u i  Ld-up f rom r a i n  and snow [MecLeLLan, 19731. Cars e r a  a l s o  covered w i t h  
c throwaway tarpaul ins.  Concentrate i s  a lso protected from p r e c i p i t a t i o n  and 
sprayed Latex mix ture  (MacLallan, 19731. 
I encllr ~ l t  exposed over a w in te r  o r  have f iLLed w i t h  snow on a re tu rn  t r i p  are emptied 
~ e r o r e ~  ore Loading. A re turn ing  car  may have gone through aaveral f reez ing and thewing cycles 
end must be emptied by manual Labor. Snow can he Pemoved w i t h  a hand operated snow blower and 
shovel. When I r o n  Ore Company o f  Canada h a l t s  o r e  sh ipments  a t  Knob Lake d u r i n g  t h e  w i n t e r  
months o f  December t o  March, the ore cars f i l l  w i t h  snow [Cerr, et.al., 19641. To e f f i c i e n t l y  
rmpty t hese  c a r s  of snow f o r  s t a r t  up, t w o  s u r p l u a  J47-t9 j e t  eng ines  a r e  mounted above t h e  
:racks w i t h  the exhaust po in t i ng  i n t o  the cars. The cers are passed under these engines which 
rlow out  the  snow end me l t  the i c e  accumulation. The engines ere surplus from 8-36 airplenee, 
rnd !re m o d l f i e d  t o  ope ra te  on d i e s e l  f ue l .  The exhaust  t empera tu re  o f  these eng ines  i s  
g i n e  bu rns  35 g a l l o n s  o f  f u e l  p e r  hour e t  40 percen t  speed; 245 g e l l o n s  p e r  
t speed; and 505 gal lons per hour s t  85 percent speed. Seventy percent speed 
noet e f f i c i e n t .  
1276'F. 




i t o  be n 
Snow accumulation around car  wheels, tracks, and ewi  tches may create continuous problems. 
Reaerve Mining Company uses e l e c t r i c  heaters t o  keep awi tches operat ing [Woodle, et.a L., 19631. 
I r o n  Ore Company o f  Canada a t  S c h e f f e r v i  LLe b u i l t  snow sheds f o r  aw i t chaa  and c a r  s t o r a g e  
[Carr, at.aL., 19641. The 3400 f e e t  o f  shede ware replaced by a J47-19 j e t  engine mounted i n  a 
exhaust pointed down towerd the track. r i  t h  the  'Latcar n 
AND INDU ELATIONS 
I n t roduc t l on  
Technical problems associated w i t h  sether 01 ng solved w i t h  
sound engineering and management p r a c t i  e  parson1 iems are noc as easi l y  solved, 
and rep resen t  t h e  b i g g e s t  d e t e r r e n t  t o  development o f  t h e  nor th .  The Labor s k i  1  1s re1 
o f ten  can not  be found among the Local residents, and labor must be rec ru i t ed  from the 
Imported workers and t h e i r  f e m i l l e s  can have t roub le  ad jus t i ng  t o  the shor t  day l igh t  ha 
t h a  w i n t e r ,  t h e  Long p e r i o d s  o f  c o l d  and wind,  t h e  l ong  day l i g h t  hours  i n  t h e  summe 
swarms o f  mosquitos end f l i e s ,  and the  i so la t i on .  Work i n  the a r c t i c  then, becomes som 
temporery t h a t  one does bafore he moves on t o  something else. f o r  some, the no r th  coun 
c h a l l e n g i n g  and they  Learn t o  d e a l  w i t h  t h e  he rdsh ips  i n  o r d e r  t o  en joy  t h e  exc i temen 
changing seasons, the year round recreat ion  opportuni t ies,  beeuti f u l  scenery, end the n 
s e t t i n g  
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s c u l t u r a l  d i f ferencae o f  tha na t i ve  peoplc c u l t  t o  i n teg ra te  them i r  
rce. Co l i n  Alexander (19761 quotes the f o ~  lor thern A f f a i r s  Min is ter  
Ias saying t h a t  employers should ad jus t  t t o  a l l ow  na t i ve  people t 
L s s v e  T O P  hunt ing o r  t o  come and go when they Line. nu Turmur quotas Ewan C o t t e r i l l ,  Tormer 
Ass is tan t  Commissioner o f  the Northwest T e r r i t o r i e s ,  who studied personnel po l i cy  i n  the  g o r  
ernment o f  t h e  N.W,T, H i s  c o n c l u s i o n  was t h a t  t h e  Lower ing  o f  s tanda rds  f o r  n a t i v e  peop le  
rep resen ted  a  f o r m  o f  p a t e r n a l i s m  which  branded t h e  n a t i v e s  as i n f e r i o r  and encouraged L O W  
standards. Murray Wetts [19651, who has been employing Eskimos s ince 1931, he8 complete f a i t h  
i n  t h e i r  i n t e g r i t y ,  adap tab i l i t y ,  end cepacl ty t o  become f i r s t  c lass  workers, Because o f  the  
outdoor nature o f  Mr. Watt's exp lora t ion  work, many o f  these Esklmos have become b e t t e r  workers 
than imported Labor. The nat ive  northerner i s  a  task-or ien ted person i n te res ted  i n  completing 
a  Job, t h e  r e s u l t s  o f  wh i ch  can be seen [Lo tz ,  19681. He has d i f f i c u l t y  w i t h  t h e  emplt-u*a-* 
o r ien ted concept o f  i n d u e t r i e l  soc ie ty  r ed. 
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Possl b l y  No easy s o l u t i o n  he5 baen found t o  
s o l u t i o n  Lies i n  improved education oppor tun i t ies  f o r  young n e t i  
rob lem. 
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I p o p u l a t l o n  has n o t  p a l  s  i n  the Many 
l a r  Asbestos H i  11 Mine i k there.  nad ian 
governmenr ou i  i t a new community adjecanr so sne company rown or scner rerv i  l l e ,  Curaoec, f o r  the 
Montegnals end Naskap I n d i a n s ,  y e t  o n l y  e  few work a t  t h e  mine. Desp i te  t h e  f a v o r e b l  
schedu le  o f  one week On and one week o f f ,  few Alaskan n a t i v e s  work i n  t h e  n o r t h  s l o  
f ie lds .  Much work and cooperation between industry,  government and na t i ve  leaders f a  r e  
before the  nat ives  can be successful ly  in tegra ted i n t o  the work force. 
I no r th .  
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Workars f o r  northern development o f t e n  come rrom she south b r i ng ing  t h e i r  required 
and axperience t o  the job. Unfortunately, many f i n d  t h a t  L i f e  i n  the  no r th  i s  no t  f o r  t h  
Leave w i t h i n  a  sho r t  time. A Mining Associat ion o f  Canada study o f  Labor turnover and SF 
i n  Canadian mining indust ry  [Cawsey and Richardson, 19751 reported t h a t  average cos t  p 
employee f o r  recrui tment and t r a i n i n g  i s  one thousand dol lars.  The h igh  turnover ra te  m s a u -  
c i a t e d  w i t h  northern mines i s  expensive. Th is  study also showed a  relationship between both 
employee age end geographic l o c a t i o n  w i t h  tu rnover .  The t u r n o v e r  r a t e  f o r  young s k i l l e d  
workera remained h igh  but  dropped sharply a f t e r  age for ty.  Labor turnover problems increase 
t h e  f u r t h e r  one g e t s  from a m a j o r  c i t y ,  up t o  about 250 m i l e s  ~d 250 m i  l es ,  t u r n o v e r  
becomes Less o f  a  problem. T h i s  Canadian s tudy  t u r n o v e r  r a t e  f o r  t h e  
western provinces and northern t e r r i t o r i e s .  
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The management a t  the Whitehorse Coppar mine i n  the  Yukon T e r r i t o r y  dea l t  w i t h  the  Lack o f  
s k i l l e d  workers  by h i  r i n g  peop le  as Laborers and t r a i n i n g  them i n  t h e  s k i  11s f o r  wh ich  they  
show an apt i tude o r  in teres t .  Most northern operations have a t r a i n i n g  program of some k ind  
but  f i n d  t h e t  many employees, when t refned,  move south t o  take s k i l l e d  jobs. The S c h e f f e r v i l l e  
mine has recent ly  Lost meny s k i l l e d  workers t o  the government subsidized jobs a t  the Syncrude, 
Athapascan Tar Sands p ro jec t  and the James Bay Hydroe lec t r ic  projects. 
The 
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lercent 
n c e n t i v e  t h e t  comes t o  m ind  t o  e n t i c e  n o r k a r s  t o  t h e  n o r t h  i s  pay, I n  f a c t  
LLy much higher i n  the  no r th  than i n  urban centers. Professionals working on 
rll0 Ilul .,, orup- receive a parcentage o f  t h e i r  monthly salary as a bonus. This bonus i s  t y p i -  
C f o r  Alaska cost  o f  L i v i ng  end up t o  an add i t i ona l  25 percent f o r  no r th  s lope 
The coat  o f  L i v i ng  i s  correspondingly h igh i n  the north, negating much o f  what i s  gainad 
by t h e  h i g h e r  wages. U.S. Department o f  Labor f i g u r e s  [ I9751 i n d i c a t e  t h e  c o s t  o f  L i v i n g  i n  
Anchorage, Alaska t o  be 28 t o  48 percent sbove the U S .  urban average, depending on the L i v i ng  
standing. Fai  rbanks, Alaska i s  another 15.2 percent h igher than Anchorage [Di xon, 19751. The 
Federal Government pays i t s  employees e nontaxable cost  o f  l i v i n g  adjustment o f  22 percent i n  
Anchorage and 25 percent on Fairbanks. Most companiee i n  smel l  resource-centered communities i n  
the no r th  subsid ize the employee's rent, food, t ranspor ta t ion  end serv ices t o  reduce t h i s  h igh 
c o s t  o f  L i v i n g  t o  a l e v e l  below those  found i n  t h e  south. Res idents  o f  Fermont, Quebec buy 
t h e i r  homes f rom t h e  company b u t  pay o n l y  about one q u a r t e r  o f  t h e  c o s t  [F ish ,  19751. The 
Cyprus A n v i l  Company subsidizes each employee i n  the form o f  rent ,  medical services, groceries, 
end t ranspo r ta t i on  cos ts  [Merr, 19771. Single workers a t  the Uni ted Keno H i l l  Mines pay only 
02.75 per dey f o r  room end board [Dundas, 19771. 
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u r t h e r  i n c a n t i  v! a t  many n o r t h e r n  o p e r a t i o n s  I s  L lbe raL  v a c a t i o n  and Leave o f  
benefits. The bl p l a  l a  the o i l  indust ry  w i t h  the week on - weak o f f  schedule 
u c t i o n  workers. Loyea a t  Uni tad Keno H i l l  Mines i s  e n t i t l e d  t o  two weeks pa id  
raka* lull a f t e r  the f l  r s t  J - m m  , gald Increasing up t o  a maximum o f  35 days e t  the  and o f  fourteen 
years. Three weeks Leave wi thout  pay ere a l so  al lowed each year [Dunbar, 19771. At  tha Webush 
Mine, Quebec, en employee i s  e l i g i b l e  f o r  f i v e  weeks v a c a t i o n  by t h e  f i f t h  yaar  o f  work 
[McGrath, 19771. A f t e r  f i v e  years a t  the  Anvi 1 mine, an employee recaives a one month hol iday 
bonus [Herr, 19771. 
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o r  i n c e n t i  vae include aubei dized o r  f r e e  t r i p s  t o  populat ion centers, i nc lud ing  auto 
. A t  Sohaf ferv i l le ,  amployees arm e n t i t l e d  t o  f r ee  passage f o r  t h e i r  auto t o  Sept-Iles 
on t h e  t r a i n  [Garg, 19771. A m a r r i e d  employee e t  Anvi  1 can use up t o  51,100 i n  t ax - f ree  a i r  
h year [ 1771. 
p f t e  a l l  10 incentivwa, the turnover r a t e  rsmeins h igh  a t  moat northern sltee. 
lao le  a-1 give6 rurnovar re tes  f o r  sevsre l  Locations studfed. 
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The Mln ing  Aeeociation o f  Canada repo r t  q u ~  t h  the 
observation t h a t  the chronic labor turnover and rob lem 
requi  r i n g  union, government and indust ry  coope The MA.,. .-,-. -t L i s t s  the f o l l o w i n g  
reasons g i v e n  by young peop le  f o r  n o t  e n t e r i n  i s t a y i n g  i n  t h e  m i n i n g  i n d u e t r  
compet i t ion from welfare, the remote Location o lnes, L i t t l e  inducement t o  stey 
industry,  Lack o f  eccomodetions end ameni t i e s  f c  v i e d  workers a t  the mine a i t a s  a 
poor image o f  the  mining industry. Much i e  ye t  t o  ne aone t o  s t a b i l f z e  the work fo rce  
mining indust ry  i n  the  north. 
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A s t i f f  wind on a co ld  day creates a dengel 
co lder  bu t  does increase the  r a t e  o f  cooling. T 
versus wind speed and the  r e s u l t i n g  wind c h i l l  1 
equivalent  temperature under calm condltlons. Proper pro tec t1  ve c i o t n l n g  i s  necessary, 
buddy a, best  f o r  spo t t i ng  f r o s t  b i t s  or c l o t h i n g  
necessi l  and can become tenglad i n  moving arded. 
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Shou~u  a worker f reeze en ex t remi ty ,  i t  s h o u ~ o  os Lerc rrozen unGi L DUO care i s  ever LaoLs. 
I f  a f o o t  i a  f rozen,  t h e  v i c t i m  w i l l  become a s t r e t c h e r  case when i t  i s  thawed. I f  f rozen ,  
thawed and r e f r o z e n  d u r l n g  evacuat ion ,  severe  damage w i l l  r e s u l t .  The f i r s t  i n d i c a t i o n  o f  
f r o s t b i t e  I s  a gray o r  yel low-white spot on the s k i n  which appeers before anything i s  f e l t ,  bu t  
t h e  buddy can see i t  on exposed f l esh .  The f i r s t  s e n s a t i o n  i s  numbness r a t h e r  t h a n  pain. 
Frozen s k i n  should never be rubbed t o  warm it, as t i ssue  damage may resul t .  Warm water i s  the 
bee t  meane o f  t h a w i n g  f r o z e n  t i ssue .  B l a n k e t s  and hea t  pecks e r e  a l s o  used. Snow, i c e  o r  
petroleum products should never be used [Crippen end Davis, 19701. F ros tb i t t en  Lungs dur ing 
s t renuous work i n  t h e  c o l d  i s  a i m p l y  n o t  t r u e  [Rice,  19751. Best  r e s u l t s  a r e  o b t a i n e d  
workmen are proper ly trained, proper ly equipped n ing  and and use the t r a i  equi pmel 
The s t r e s s  o f  w o r k l n g  end l i v i n g  i n  t h e  c 
o f t en  r e s u l t s  i n  persona l i ty  problems. Furtherm 
i n g  fac tor  t o  i n d u s t r i a l  accidents [Vincent, 191 
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The sme l l  town atmosphere o f  the compeny town i s  d i f f i c u l t  f o r  wives especia l ly .  Gosslp 
t rave l6  quickly. I f  a  fami l y  has some problem, everyone knows about i t  [Bowman, 19771. Many 
wive9 have t roub le  developing a  sense o f  belonging i n  the new community end f e e l  i so la ted  from 
t h e i r  f a m i l i e s  back home due t o  t h e  d i s t a n c e  [V incen t ,  19691. T h i s  f e e l i n g  o f  i s o l a t i o n  and 
Loneliness I s  o f t en  compounded when the husband goes out  w i t h  the boys t o  u t i l i z e  the company 
>rov i  ded recreat ion  f a c i  L i t i e a  a f t e r  s h i f t  [Vincent, 19691. These problems Leed t o  a lcoho l i  sm, 
drug abuse, and severe  e m o t i o n a l  p rob lems which  r e s u l t  i n  d i v o r c e  and employee tu rnover .  
i l incent (19891 found, when studying the Scheffarv i  l l e  mental hee l th  problems, t h a t  f u l l y  one 
t h i r d  o f  t h e  admiss ions  t o  t h e  l o c a l  h o s p i t a l  were b a s i c a l l y  emo t iona l  maladjustment.  One 
;elution l i e s  i n  prov ld ing  work o r  community p ro jec t  choicas f o r  the  wivas, and beby s i t t i n g  
pervices so they can take advantage o f  the oppor tun i t ies  [Bowman, 19771. 
NORTHERN ACCOMODATIONS 
ty. Whil pper M i  
I n  developing the  o i l  deposits a t  F 
employees, Employees normal ly  work a l t e  
a l l o w s  them a week w i t h  t h e i r  f e m i  l i a !  
Anchorage [625 a i r  m i  l es  t o  the south). 
then ten percent. 
can Arc*  
L ike l iho t  
---- - -  
The p o p u l a t i o n  i n  t h e  N o r t h  Ameri  t i  :ompanies c o n a i l  
development o f  a prospect w i l l  i n  a l l  ~d ommunity f o r  em 
residence.  The cho i ce  w i l l  L i k e l y  be a c e m p  o f  borne zype O T  a company sponsored town 
f f e l d  a c t i v i t y  i n  A r c t i c  Aleska has adopted exclusively a basic camp setup w i t h  e rotet.int 
schedule. The mining indust ry  u t i l i z e s  camp f a c i l i t i e s  f o r  hopr ly workers combined w i t h  
hous ing f o r  s t a f f .  However, i n  t h e  Canadian s u b a r c t i c  t h e  t r e n d  i s  t o w a r d  t h e  i n t e l  
company town. A few operations may be c lose enough t o  take advantage o f  en establ ished 
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lay, sin: 18 housing was provided f o r  a l l  
leks o f  s a ,  twelve hours per dey, which 
s p o r t a t i o n  t o  Prudhoe Bay i s  by a i  r c r a f t  f r om 
r ra ta  of Less hedu l e  hl ted i n  a 
j e r i n g  
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g crew 
fam i l y  
j r e t e d  
Loce 1 
The camps a r e  u s u a l l y  c o n s t r u c t e d  o f  p r s f a D r l c a t e d  u n l  t s  wh lch  e r e  ready f o r  use once 
placed on a foundation and connected t o  u t i  l i t i e s .  Un i t s  come i n  a wide var iety:  bunkh 
kttchena, d in ing  ha1 Ls, recreat ion  rooms o r  storage areas. Larger bu i  ld ings  are avai lab11 
f o l d  away f o r  shipment. A n v i l  Mines Ltd., used two 40 foo t  by 100 f o o t  ATCO foldaway un i  
a s e r v i c e  b u i l d i n g  and standby power house w h i l e  d r i v i n g  d e c l i n e  a t  t h e  P o l a r i s  P r o j l  
L i t t l e  Co rwe l l i s  Island. Foldewey bu i l d i ngs  are easy t o  ship, and the assembly t ime  required 
t o  becon 18 r e l a t i v e l y  shor 
OUBBS, 
a t h a t  
t a  f o r  
a c t  on 
A camp f a c i  L i  t y  can be augmented by f a m i  Ly I i t t i n g  t h e  u s u e l  town 
serv ices such as schools, s to res  and churches. Th the  Aebestos H i l l  mine 
i n  Northern Ouabec. The Canada Tungsten mine i n  cne Nortnwest r e r r i t o r i e e  u t i l i z e s  a s i m i l a r  
approach by prov id ing  a few s tores  end expending end other serv ices i n  
stages. With the  continued success o f  the mine, t t  L dsvelop i n t o  a f u l l y  
i n teg ra t sd  community. 
qua r t e  
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The most common p r a c t i c e  f o r  e Long t e r m  Y-r- .UpNt-tnb I n I I I U b n  I ntlrurl  1s a m o d i f i e d  
company town. The o b j e c t i v e  i s  t o  p r o v i d e  a s u b s i d i z e d  and s u i t a b l e  p l a c e  f o r  a worker  t o  
b r i n g  h i s  f a m i l y  together w i t h  a p r i de  o f  ownership and property r ights.  Carving a complete 
community ou t  o f  the w i  lderness i s  expensive as a l l  I n f r a s t r u c t u r e  cost  i s  borne d i r e c t l y  o r  
i n d i  r e c t l y  by the  developer. 
t h e  who1 
86, bo th  
y [Lo tz ,  
~d eoc ia  
. .  . 
I t  i s  e 
In, 19771 
A company town i s  p lanned around Le f e m i l  19681. s a e n t i a l  
w i ves  have en o p p o r t u ~ i t y  f o r  a c t i v i t i  I wark ar L [Eonma I. W i  V ~ E  
Orrebec Cart iarla f i r s t  company town, Gegnon, were consultea aur lng the design stage o f  t h ~  
o f  Fermont, which was b u i l t  t o  serve the new Mount Wright mine i n  Quebec. As a resu l t ,  
i n  Fermont have mud rooms, besements, ample s torage,  p l e n t y  o f  e l e c t r i c a l  o u t l e t s ,  m 
bathroom and k i t c h e n  f i x t u r e s  [F i she r ,  1977, F i sh ,  1975b1. I t  i s  i m p o r t a n t  t h a t  horn1 
b u i l t  w i t h  8 v iew o f  t h e  y a r d  f rom t h e  k i t c h e n ,  because much o f  t h e  w i f e ' s  t i m e  i s  , 
prepar ing meals, whi l e  supervis ing the ch i  ld ren [Lotz, 19681. 
L t h a t  
i f r om 
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homes 
lode r n  
3s a r e  
aoent 
I n  en e f f o r t  t o  I n s t i l l  e  sense o f  belongfng, meny companies are a t tempt ing  t o  da-c 
8 i ze  the "eampeny townn f e e l i n g  o f  the community. At  Fermont, the  homes are s o l d  t o  emp - 
a t  Lass than cost. When an employee Leaves, the company guarantees t o  buy back the housa i f  no 
other buyer can be found. A t  other towns such as Sche f fe rv i l l e  and Faro, the company makes a 
s p e c i a l  e f f o r t  t o  s t ay  ou t  o f  t he  a f f a i r s  o f  t he  town. The llcompany t o w n I 1 a t t i t u d e  can be 
reduced I f  supply  concessions a re  g ran ted  t o  ou t s i de  f i r m s  f o r  g rocer ies ,  merchandise and 
community services. Townspeople w i l l  be most proud of a f a c l l i t y  i f  they have b u i l t  It them- 
salves ra ther  than r e l y i ng  on the company t o  provide t h e i r  every need. - 
The s ta f f  a t  C l in ton  Creek provided the author w i t h  many suggasttone f o r  en i dea l  company 
town. I t  was pointed out t ha t  i t I s  not  e good s i t ua t i on  when a worker soc ia l izes exclusively 
w i t h  h i s  GO-workers. The so lu t ion  may be f o r  the town t o  serve more than one employer. Women 
adjust t o  the company town L i f e  much be t to r  i f  they have employment o r  soc ia l  opportuni t ies 
a v a i l a b l e  t o  them. Of ten,  s i n g l e  workers a re  housed i n  d o r m i t o r i e s  and s a t  a t  a c e n t r a l  
cafeter ia,  ieo la ted from the married fami l ies. Poesib ly, s ing le  employaes should be of fered 
sma l l  apartments t ha t  are e i tuated near the married employees housing. Thia arrengement would 
more cloaely dupl icate t h a t  o f  the outsida world. 
The m e j o r i t y  u n l t i e a  I n  t h e  n o r t h  a re  q u i t e  sme l l ,  and would n o t  be capable o f  
absorbing the Large I n f l u x  o f  residents asaocisted w i t h  a mine development. Therefore, the 
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P r e  
: t i o n  o f  t h e  ree I? a town o r  camp i s  t h e  most impo r t an t  cona ide r s t i on  when 
nn lng  a community. F i r e  1s t h e  g r e a t e s t  t h r e a t  t o  a remote a r c t i c  Location. The Low 
l d l t y  createa extremely w e l l  dr ied wood and f i b e r  which can ec t  ae e t i nde r  (Rice, 19751. 
a f i g h t i n g  l a  more d i f f i c u l t  baceuse o f  frozen weter Linss, the r i s k  o f  f r os tb i t e ,  lack o f  
;er, and t h e  need f o r  a l a r g e r  then  normal  crew f o r  warm up r o t a t i o n  [Rice, 19751. F l  r e  
vantion and detact ion are also important. A l ternat ive systems must be provided f o r  t ha t  
t ime when a v i t a l  u t i l l t y  f a i l s  o r  i s  destroyed by f i re .  Each support system muet be avaluated 
w i t h  respect t o  a course o f  act ion t o  take I f  f f  r e  should destroy t ha t  syetem. The uppermost 
ques t i on  fa ,  how w i  11 we feed and housa t h e  r es i den t s  u n t i  1 t h e  r epa i  r e  a re  completed o r  
evacuation takes place? 
l i n g  o u t  a town o r  cemp, t h e  p r e v a i l i n g  w i n t e r  winds need t o  be considered. The 
h e  i e r  town o r  Fermont, Quebec i s  protected from the p reve i l i ng  wlnd by a f i v e  etory 
wina orea* builcting [see Figure 9-11. D r i f t i n g  snow can be reduced by poei t ion ing bu i ld ings 
w i t h  the narrow elde toward the wind. 
t lon. M 
ind reduc 
om when 
o i e t u r  
:a the 
eprinq 
An scor;omic analysis of fue l  aosta versus w e l l  thicknesd n i  11 ind ica te  the optimum amount 
o f  i neu la t ion  needed. I t  i a  very important t o  i n s t a l l  s good vepor ba r r i e r  on the warm aide o f  
t h e  i n s u l a l  a m i g r a t i o n  i n t o  t h e  i n m u l e t i o n  w i l l  condenae and f reeze  a t  t h e  O'C 
isotherm, a Insu la t ing  value o f  the wel l ,  not t o  mention the water tha t  w i l l  run 
I n t o  the ro  I arrives. 
Windows i n  the A rc t i a  are expensive. Dr. E lber t  F. Rice o f  the C iv i  l Engfneering Depart- 
ment o f  the Univers i ty  o f  Alaska estimates t ha t  the t o t a l  cost per square foot  o f  a window I s  
t e n  t o  f i f t e e n  t imea  t h a t  o f  a wa l l .  Windowa need t o  be Large enough t o  be used as f l  r e  
escapee and t o  keep the occupants content. 
Cone Lust qgk 
Unleae a r o t a t i ng  crew arrangement i s  adopted, a developer w i  LL be Paced w i t h  the planning 
o f  e complete CoIWmunlty o r  an equlvelent addi t ion t o  an ex i s t i ng  community. Thia v ~ L L ~ Q ~  must 
be a peopla-centered community provldfng moat of the amenities found i n  temperate regions. The 





CYPRUS ANVIL MININO CORPORATION LIMITED 
The A n v i l  Mine, t h e  Largeet mine i n  t h e  Yukon T e r r i t o r y ,  l a  an example o f  government 
cooperation w i t h  p r i v a t e  enterpr ise  i n  developing a minera l  deposit i n  a ramota region. Today 
t h e  c i t y  o f  Faro, t w e l v e  m i l a s  f rom t h e  A n v i l  mine, i s  t h e  second Largest  community i n  t h e  
Yukon. The A n v i l  Lead z inc  mine Lies 130 m i  les  no r th  northeast  o f  Whitehorse i n  a picturesque 
rea o f  r o l l f n g  h i  11s and b e a u t i f u l  Lakes i n  the Anvi 1 mountain range. The c l ima te  i s  subarc- 
i c  w i t h  w in te r  Low temperatures near minus 46OC [ - 5 0 ~ ~ 1  and midsummer h igh  temperatures neer 
ISOC [ B ~ O F I .  Averege p r e c i p i t a t i o n  amounts t o  a €$Cant f i f t e e n  inches per year, h a l f  o f  which 
B snow. 
Tne mine 18 a s i n g l e  Large open p i t  ope ra ted  s i x  deye p e r  week and t h r e e  s h i f t s  p e r  day. 
i a i l y  p r o d u c t i o n  i s  n e a r l y  11,000 tona o f  o r e  and 27,500 c u b i c  yards  o f  waste. Bo th  o r e  and 
testa are Loeded w i t h  f i v e  and P i f t een  cubic yard e l e c t r i c  shovels i n t o  65 and 120 ton  trucks. 
lri LLing i e  done w i t h  th ree e l e c t r i c  d r i l l s ,  d r l  LLing nine inch diameter h o l m  on an 18 foo t  by 
B f o o t  g r i d  i n  ore  and a 22 f o o t  by 22 f o o t  g r i d  i n  waste rock. 
Mine 
u r t h e r  m 
--.t--- > 
heaters I 
t i a l s  o r  
equipment i e  ordered w i t h  t he  co ld  weather opt ions o f f e red  by the  menufecturers, end 
edified by tho  A n v i l  maintenance department, based on past  experience. These modi f i -  
cazions lnclude angina block heetere, engine o i  1 heaters, d i f f e r e n t i a l  01 L heaters, trmnsmis- 
8 snd large cab heaters. Heaters heLp keep the o i  1 temperature i n  transmission, 
d gear boxes above o u t r i d e  tempera ture ,  b u t  heated s t o r a g e  g i v e s  t h e  b e s t  
r 
enove le  and d r i  l l e  however, cannot  be s t o r e d  i n  haated b u i  l d i ngs .  S t r f p  hea ta ra  a r e  
p l a c e d  on t h e  a t i c k  and boom; r e d i e n t  h e a t e r s  a r e  p o ~ l t i o n e d  f o r  ex te rna  1 geere. Booms end 
dipper s t i c k s  o f  T-1 s t e a l  ere spec i f i ed  when shovels arm orderad. When wet ore  freazea t o  the  
-hovel bucket, s t rew i s  burned i n  the  bucket t o  mel t  the  f rozen material.  
i n g  repa i r s  must a t  t lmae ba performed i n  the cold. A t  the  A n v i l  mine, en encloaura 
constructed around the work area and then heated. The welded piece i s  preheated and 
Lowly brought beck t o  embient temperature so t h a t  streesee ara proper ly relieved. The enclo- 
ure a lso  provides a more comfortable working environment t o  insure a f f i c i e n t  repa i rs  and the 
roper a t t e n t i o n  t o  deta i l .  
~ 
M inera l  P mcess im 
I produc 
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o f  s i  Lv1 
i e  mixed 
e r  per t 
concent1 
Thrm te  are  producad a t  Anvil :  Lead concentrata, z i nc  concentrata, and mixed leed- 
z i nc  concencrsze. b e d  recovery i s  81.3 percent, producing a 69 percent Lead concentrata w i t h  
on. Zinc recovary i s  80 percent, producing a 54 parcent z i nc  concen- 
-ate contains 29 percent Leed end 30 percent zinc. 
.llYllp C.VIIuCII~~~--~~r i s  I n  o heated b u i l d i n g  i nc lud ing  f i n e  ore  atorage and concentrate 
thickaners. Process water f o r  the m i l l  f a  aupplfed from the one b i l l i o n  ga l l on  reservo i r  b u i l t  
i n  Rosa Creek, and i s  pumped one end one-ha l f  m i l a s  t h rough  an i n s u l a t e d  24" s t e e l  pipe. 
Temperatures o f  the process water i s  between l.lOc [34'~1 and 4.4OC [OO°FJ. This  Low tempera- 
t u r e  h i n d e r s  t h e  f l o t a t i o n  process, b u t  i a  compensated f o r  w i t h  a d d i t i o n a l  f l o t a t i o n  p Lant  




t o r  spec 
rtion 
drf ad concentretea ere  Loaded i n t o  t h i  r t y  ton  capeci t y  wteerdropn containers whf ch  are 
3 Whitehorse 235 m i  Les away. ['Teardropn i s  suggested by the parabol ic  shape o f  the  
containersl.  At  Whitehorse, the  containers are Loaded onto t r a i n s  f o r  shipmant t o  
Alaska. The White Pass i s  a 110 m i l e  long narrow-gauge r a i l r o a d  b u i l t  ea r l y  i n  the 
century t o  serve the Klondika go ld  f i e l - - .  
...- containers ere covered t o  prevent dust Loss o r  
snow accumula t ion .  A t  Skegwey, t h e  con ta ine r  lmped and t h e  concen t ra te  s t o r e d  i n  a 
100,000 ton  capaci ty b u i l d i n g  t o  awai t  shipment I and several  European nations. 
Supplies f o r  the Anvi 1 mine are brought t o  tne s i t e  v i e  aevsral  routes. White Pass oon- 
t a i n e r  ships s a i l  weekly from Vancouver t o  Skegway, then f r e i g h t  moves by r a i l  t o  Whitehorse. 
Supplies are  a lso  brought by t r u c k  v j a  the  Alaska Highway. Goods are also f lown t o  Whitehorse 
o r  t o  Faro. There a r e  d a i l y  f l i g h t s  f r om Vancouver and Edmonton t o  Whi tehorse and r e g u l a r  
f l i g h t s  t o  Faro. There i s  a l s o  d a i  Ly bus s e r v i c e  f rom Faro t o  W h i t e h n r a ~ .  The Long supp ly  
Lines d' IUI :ory tw i ce  what i s  common i n  Less i c t a t e  a 
%L 
-. --- . 
areas. t remote 
The problems o f  a t t r a c t i n g  employee6 w i t h  t h  sd s k i  118, and o f  p rov id ing  an envi ron- 
ment i n  wh ich  they  w i l l  s t ay ,  a r e  as s e r i o u s  e t  IS a t  o t h e r  remote mine s i t e s .  I n  t h e  
ea r l y  months o f  operation, employee turnover rate, -lly=d UP t o  25 Percent Der month. By 1971, 
t h i s  f i  1 dropped t o  7 p e r c e n t  F h and t c  le  r . The 
turnovel ~ r o p o r t i o n a t a l y  h igh anon ngle emp n g emphe- 
s i t e  fa1 s ing un i te ,  schools, and 'aci L i t i e  
Ie need1 
Faro  a 
. ---a- 
gure h a ~  
r i s  disr 
n i  l y  hou~ 
~ e r  mont 
g the sf1 
f am i l y  t 





The company subsidizes each employee so xne ex tent  o t  eoour seven tnousana ao i t a rs  each 
yeer. Subsidies inc lude rant ,  medical expenses and food coat. Each marr ied employee receives 
91,100 each year i n  t ax  f ree  a i r  fare. EmpLoyees are e l i g i b l e  t o  take twenty-two days vacation 
w i t h  pay and twenty- two days Leeve w i t h o u t  pay sach yeer. A f t e r  f i v e  yaars  o f  s e r v i c a ,  en 
\ i s  recei  I I add i t io r  la1  one I ved as e bonus. 
Go 1 
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.--> - -  
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lan Fedel 
o f  the W 
prospect i n t o  the Anvi L 
re1  Government b u i  L t  u 
'h i  tehorse Rapids power 
rernment coopmration made poseib deve~opment o f  t h ~  
hus prov id ing  employment f o r  OVE people. The Caned. 
roao co the  mine s i t e ,  expanded e l e c t r i c a l  generating capeeity 1 
p l e n t  end bu i  L t  the power de l ivery  netwc 
The Department o f  Manpower a l s o  
provide j o b  oppor tun i t ies  f o r  the Local 
s e t  up F 
na t l vea. 
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r ve becon 
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The town o r  t a r o  represents t ne  company's antmrminetion t o  create a moaern r a m i ~ y  environ- 
ment f o r  t h e i r  workera. Since the A n v i l  deposit i s  i n  a remote Location, a complete community 
was b u i l t  where none hed ex is ted  before. Constructiotwbegan I n  1968 bu t  the  town was destroyed 
by a f i r e  s t a r t e d  by Lightning before the  f i r s t  f a m i l i e s  could move in. The town was r e b u i l t ,  
and f a m i l l e a  began moving i n  three months later .  Todev Faro i s  the second Largest commurr2--- '- 
the Yukon, w i t h  a populat ion o f  f i f t e e n  hundred. 
1 1 ~ y  I I ~  
u ipped 
-- *..- 
Faro has many modern conveniences i n c l u d i n  greae twe lve ,  a w e l l  eql 
community recreat ion  center, church f a c i  l i t i e s ,  m a u m u r L  lrmd i nc lud ing  dental, regu l  
and a i r  service, and recreat ion  and serv ice  orgal town if 
from the mine. Concentration t rucks  do no t  pass t 'oute t o  
operations have l i t t l e  e f f e c t  on town Life. 
h o o l  t o  
--r..- -a* U I  Y U P  
m i  l es  
a mine 
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I n  t  wind swept, t reeless,  tundra area o f  t he  Ungava Peninsula i n  Northern Quebec, 
3 r i c h  ~ZJIJCP~IJ- d e p o s i t  has been b rough t  i n t o  f u l l  p roduct ion .  The mine, ope ra ted  by t h e  
4sbestos o f  Canada, i s  loceted on the  south s ide  o f  Hudson S t r a i t ,  1,130 mi les  nor th  o f  
Yontrea 1, though i t  i s  Located 300 miLee south o f  the A r c t i c  C i rc le ,  [6l049 no r th  Lat i -  
tude, 73' ; Longitude1 the c l ima te  and weather are arc t ic .  
Thir 
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mine i r  
i n  excer 
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' Northern Duebec i s  l a rge l y  underdeveloped w i t h  no roads, a i rports ' ,  r a i  Lroeds 
Lements. To b r i n g  the  property i n t o  production, v i r t u a l l y  a1 1 f n f  res t ruc ture  
the developers. Th is  f a c t o r  neccssi tatad a Larger than narmal capi.ta1 expendi- 
I on a p la teau ,  1,700 f e a t  above saa Level ,  w i t h  f r e q u e n t  w inds  t h a t  reach 
6s o f  100 m i l es  per hour. Winter temperatures from November t o  A p r i l  are i n  
range o r  U t o  minus 5 5 " ~  w i t h  wind c h i l l  f ac to rs  20' t o  40' colder. Mean summer tempera- 
e i n  t h e  upper f o r t i e s  w i t h  e few deys reach ing  t h e  sevent ies .  The c o l d  c l i m a t a  
i n  p e r m a f r o s t  t o  a depth  o f  540 meters  [ I 8 0 0  f e e t l ,  The rock  ternperatua i s  + 1 9 O ~  i n  
~ n d  +24'~ a t  a depth o f  700 feet. The ac t i ve  Layer i s  about 12 inches thick. 
&erat ior  
The 
due t o  t l  
I becauee 
use t h e  
f i b ~ r .  
I -- ..CJ... 
re Long e 
o r e  m ~ n e d  e t  t h e  Asbeetos H i  11 mine i s  processed t o  an upgraded f i b e r  a t  t h e  mine 
e I t e .  The f i b e r  i s  hau led  42 m i  Lee i n  50 t o n  t r u c k s  t o  Oecapt ion Bey where i t  i s  s t o r e d  i n  a 
b u i l d i n g  capable o f  ho ld ing  90 percent o f  one year's production. The f i b e r  i s  then Loeded on 
ships o f  up t o  50,000 OWT capacity dur ing the  three month shipping season [20 Ju ly  through 20 
0ct.l f o r  sh iomant  t o  t h e  f i n i s h i n g  m i l l  a t  Nordenham, Germeny. T h i s  arrangement i s  c o s t  
s f f ec t i v r  I the p l a n t  const ruc t ion  costs were Lower i n  Europe than i n  the Canadian A r c t i c  
8nd baca b u l k  sh ipment  c o s t  f o r  ungraded f i b e r  i s  one t h r i d  t h a t  f o r  c o n t a i n e r i z e d  
Finished The th ree f i b e r  grades produced ere equivalent  t o  Canedian dl, 41 end 42. The 
European ruuar has enabled customers t o  reduce inventor ies  t h a t  were necessary I n  tho past  
upp ply Linee from South Af r ica ,  Russia o r  Caneda. 
~ d r ;  then 1.S m i l l i o n  tons o f  18 t o  20 percent asbestos ora are mined sack year t o  produce 
t h e  250,000 tons  p e r  yea r  o f  f i b e r  expo r ted  t o  Europe. Ore l a  produced f rom a s u r f a c e  mine 
w i t h  a s t r i p p i n g  r a t i o  o f  about t h r e e  t o  one. P r o d u c t i o n  w i l l  coma f rom underground m i n i n g  
when the surface p i t  i s  exheused i n  1982. The development work f o r  the  underground mine was 
bagun i n  July,  1975 by contractors. The f i r s t  phase e n t a i l s  d r i v i n g  8000 fee t  o f  15 by 10 f o o t  
d e c l i n e  a t  -20 pe rcan t  grade; 1,300 f e e t  o f  13  by 10 f o o t  c ross  c u t s ;  c u t t i n g  25 d r i l l  s t a -  
t iona,  and d r i l l i n g  30,000 t o  40,000 fee t  o f  dlemond d r i l l  holes. Timbering and rock b o l t i n g  
are necessary f o r  ground contro 1. 
. Due t o  t h e  h a r s h  w i n t e r  weather,  t h e  p i t  o p e r a t i o n s  a r e  s h u t  down f r o m  mid-December t o  
e a r l y  February. ALL r e p a i r s  t h a t  can be scheduled a r e  pe r fo rmed  d u r l n g  t h i s  s i x  weeks s h u t  
down, and maintanence crews car ry  out  mechnaiefel checks t o  insure t h a t  the  equipment i s  ready 
f o r  s t a r t  up. 
B las t  holes are d r i  l l e d  w i t h  two rubber t i red Ingersoll-Rend D r i  l lmas te r  T-4 d r i  11s and 
two crawler  mounted OM-4 models. B i t  diameter i s  8.5 inches. Holes are dr4LLed on a 9 by 11 
f o o t  Soacing p a t t e r n  i n  o r e  [ a  powder f a c t o r  o f  1.23 Lb. ton1 and I 5  by 1 7  f o o t  p a t t e r n  i n  
powder f a c t o r  o f  0.48 LWton]. The everage powder f a c t o r  f o r  the mine i s  0.66 Lb/ton. 
Bench he ight  i s  f o r t y  f e e t  and i s  usua l ly  th ree rows widb bll br l ls-  -d t  o f  subgrade d r i l l i n g  
necessary fo r  proper f Loor control.  At  Thet fo rd  Asbestos Mine, about 1250 m i  lea t o  the south, 
t h e  same s i z e  h o l e s  e r e  d r i l l e d  on e 20 by 22 f o o t  p a t t e r n  wh ich  r e q u i r e s  50 pe rcen t  Less 
d r i l l i n g  per ton  of ore produced. The d i f fe rencs  i s  due t o  the  f a c t  t h a t  Asbestos H i l l  ore i s  
frozen and Thet fo rd  ore  i s  not. Despite the frozen ground a t  Asbestos H i l l ,  water seaps i n t o  
d r i l l  h freezes, necess i ta t ing  I 1 1  :e Loading ;he holes r d r i l l  . i ng. o les  and 
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he operat ion o f  the p i t ,  i t  was h sn ore resu l ted  i n  many 
6, r e q u i r i n g  secondary b l a s t i n g  an I problems. There was 
,Gens1 ve back breekage, compl ica t ing  the d nexr snot. LC .  Leng, Research 
Eng ineer  f r om Canadian I n d u s t r i e s  Ltd., was eas igned t h e  t a s k  o f  t h o r o u g h l y  s t u d y i n g  t h e  
problem and recommending e solution. He found t h a t  the  package s lu r r y ,  Hydromex T-3, used i n  
the  holes was inadequate. The 5-1/2" diameter car t r idge,  being frozen, would no t  f i  11 the 6- 
1/2" ho le ,  end when dropped i n t o  t h e  h o l e  wouLd damage t h e  l o w e r  p r imer .  De tona t i on  o f  t h e  
e x p l o s i v e  charge was u s u a l l y  i n i t i a t e d  by t h e  second p r i m e r  i n  t h e  upper p a r t  o f  t h e  ho le ,  
r e s u l t i n g  I n  poor b l a s t i n g  results. Canedian Indus t r i es  Ltd. developed a specia 1 eo l d  weather 
s l u r r y  des igna ted  P o l a r  Hydromex wh ich  i s  s o f t  and easy t o  hand le  e t  -20°F. The c o n f i n e d  
ve loc i t y  of detonation f o r  P ~ l a r  Hydromex a t  the  temperatue o f  the Ore, (+IS'FI, i s  19,000 f e e t  
per second. Po lar  Hydromex, even when c h i l l e d  t o  -60 '~  i n  co ld  weather, w i  11 warm up t a  rock 
temperature i n  24 minutes a f t e r  charging, i nsu r i ng  proper ve loc i t y  end densi ty upon detonation, 
I n  the same 24 minutes, Hydromex 1-3 had warmed t o  only -40'~. 
Rock subjected t o  dynamic Loading w i l l  break i n  e i t h e r  shock o r  shear type fa i l u re .  Shock 
f a i l u r e  occurs when the disturbance o r  shock ve loc i t y  i s  greeter  than the sonic ve loc i t y  o f  the 
m a t e r i a l ,  and r e s u L t s  I n  good f ragmen ta t i on .  P f  t h e  d i s t u r b a n c e  v e l o c i t y  i s  l ea9  t h e n  t h e  
sonic ve loc i ty ,  the m e t e r i a l  absorbs energy i n  p l a s t i c  deformation ra ther  than fragmentation. 
Large blocks and slabs r e s u l t  from the p l a s t i c  shear-type f e i  lure. The mechanical p roper t iee  
o f  t h e  r o c k  t o  be b l a s t e d  must be de te rm ined  t o  i n s u r e  t h a t  en e x p l o s i v e  i s  s e l e c t e d  w i t h  
d e t o n a t i o n  p r o p e r t i e s  t o  match t h e  rock. T e s t s  on d ry  m a t e r f e l e  ~ h o w e d  l i t t l e  c o r r e l a t i o n  
between temperature and sonic v e l o c i t i e a  o f  compressional [ l o n g i t u d l n a l l  end shear [ t rensversel  
waves. However, t e s t s  on saturated samples show a sharp Increase i n  sonic ve loCi t i8s  o f  com- 
press iona l  and ahear waves a t  temperatures below freezing, Also, w i t h  decreesing temperatura 
there was en Increeee i n  Young's modulue. Experiments a t  I r o n  Ore Company o f  Canada's Schef- 
f e r v i L L e  Mine i n d i c a t e d  t h a t  a t  a m o i s t u r e  c o n t e n t  of  e i g h t  p e r c e n t  t h e  v e l o c i t y  i nc rease  
became a problam and wes most ser ious between 15 and 18 parcent. A f t e r  measurements o f  i n - s i t u  
rock propert ies,  a computer model can examine the important  var iables o f  rock type, the  explo- 
s i  vee and the  d i e t r i  bution, the energy density, spacing, burden, co t  tar, subgrade, delay pat- 
tmrnm, and times. App l ica t ion  o f  the  computer deeign resu l t ed  i n  good fragmentation, good p i t  
f l o o r  and good Loading conditione. Preshearing i s  used t o  c o n t r o l  back-break. 
E igh t  rubber t i  red f r o n t  end Loadera w i t h  9 cubic yard buckets are  used i n  the  p i t .  F ive  
e r e  used on p roduc t i on ;  t h r e e  a r e  i n  rese rve  o r  e r e  used f o r  odd Jobs. A l t hough  s u b j e c t  t o  
decreased p r o d u c t i o n  when f r a g m e n t a t i o n  i s  poor,  t h e  Loaders have s e v e r a l  advantages o v e r  
shovela. Loaders can be qu ick ly  removed from the work area p r i o r  t o  b las t ing ,  d r iven t o  heated 
garages fo r  serv ice  and repairs,  and q er 
had L i t t l e  e f f e c t  on production. Loeds :s 
improve Lip weerab i l i t y  and b a t t e r  rock ne 
Smal l  dr iLLs are used f o r  f l o o r  c o ~  
i e  Levelad o f f  w i t h  e 0-8 t r a c t o r  and 
f o r  p i t  road maintenance and c lean up r 
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on s l ipy  is. Road sanding requirements have been reduced s ince tha chains were 
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i caused 
~ c t m d  and t r a i n e d  on s i te.  Care fu l  operat ion i s  emphasized t o  
by misuse i n  c o l d  weather. 
o procese 8,600 tons o f  ore per f24 h r l  day y i e l d i n g  1,200 tons I .  urer I I-UWI G I C U  p i t  i s  dumped i n t o  a heated s lu i ce  end fed  by a pen feeder t o  
law crusher w i t h  an open s e t t i n g  o f  8.5 inches. The ore I s  then passed through 
ry  crushing c i r c u i t  and discharged t o  three ro tary  dryem. Two 80 inch by 5 
r a t e d  e t  22 % l o 6  BfU end one 120 i n c h  by 50 f o o t  u n i t  i s  r a t e d  a t  50 x 10 !iI 
3TU. ALL r f i r e d ,  end reduce the  moisture content t o  Less than one percent. The dry ore  
n a 30,000 t o n  s t o r a g e  dome. T h i s  dome i s  a Laminated wood beam s t r u c t u r e  
ywood and asphalt paper. 
t h e  
man c les l  
s the  ca 
- n - - r  
asbestos m i l l  c i r c u i t  i s  o f  standard a i r l i f t  seperat lon design. The ungraded f i b e r  i s  
n a 300,000 t o n  s t o r e g a  dome. B o t h  t h e  d ry  o r e  and ungraded f l b e r  .storage domes e r e  
i n  d iame te r  by 80 f e e t  high. Each has s i x t e e n  Laminated wooden arches c o n t a i n i n g  
lard feet  o f  Lumber and 25,000 square feet o f  plywood decking end sheathing. 
operate 
r works I 
d by twa 
un the dl 
Lve men each s h i f t ,  i nc lud lng  Yo1 
ay s h i f t  only. 
3s contrc 11 lers. 
The m l L L  1s no t  neatea ena the  large quan t i t i es  o f  a i r  [m,Dbu cualc f e e t  per mlnutel  ,-,, 
f o r  d ry ing ,  a s p i r e t i o n  and dus t  c o n t r o l  c r e a t e  Low w l n d  c h i  11 tempera tu res  near  t h e  i n l e t  
Louvers. The warm ore,  when exposed t o  t h e  c o l d  m i l l  a i r ,  causes condensat ion  i n  t h e  d u s t  
c o n t r o l  system. Hot  a i r  i s  added t o  t h e  dus t  hoods t o  s o l v e  o r  m i n i m i z e  t h i s  problem. Jaw 
c r u s h e r  t lrease end grease L ines  a r e  a l s o  heated, and i n j e c t o r s  on t h e  p ressu re  L u b r i c a t i o n  
~d w i t h  I meting. Trouble wf t h  f rozen chutes i s  reduced by the  use o f  
it plant1 r such me s tee l - l i ne r  o r  u l t raclad.  Rotary rubber bruehee pre- 
2n convel 1. 
*adfont t 
[ C  L ine f l
to r  bel ts 
A t en  
~ r r a r l  
The f l b e r  l b  ulYbncid 42 m i les  t o  Deception Bey i n  spec ia l l y  designed Kenworth t rucks  w i t h  
a c a p e c i t y  o f  50 tons. The f rames e r e  made of manganese s t e e l  and a r e  Laminated i n  t h r e e  
Layers. T h i s  f rame, more f l e x i b l e  t h a n  standard,  i s  necessary t o  s t a n d  up t o  t h e  rough road  
and c o l d  weather. Each o f  these t rucks  has a 25 ton  box on the  bed and p u l l s  a 25 ton  t r a i  ler. 
The boxes are  f i t t e d  w i t h  hinged covers t a  pravant Loss o f  f iber .  
The 
e ra to r  
The 
n h i c h  a 1  
Prom the 
t rucks  I 
i s  protr  
ad w i t h  , 
!m breat t  
a ?rant  end Loeder I ns ide  the f l b e r  storege dome. The Loader 
r i ng  f i b e r  by e f i l t e r e d  end pressur ized cab. 
road  t o  Decept ion  Bay i e  e l e v a t e d  e i x  t o  e i g h t  f e e t  and b u l L t  a l o n g  t h e  h i g h  ground 
R s t r o n g  winds t o  keep t h e  s u r f a c e  b lown  f r e e  o f  snow. When snow 1s c l e a r e d  
, i t  18 pushed a t  Least 200 fea t  downwlnd. 
Iwn porte 
, The qu 
;her and 
operated 
Jerry we8 opened I n  1974 t o  supply the  f i L L  m a t e r i a l  t o  e levate tha  road. Th js  quarry 
~ b l e  crue screening p lan t  end i n  two years suppl ied 250,000 tone o f  road 
lorry i s  onLy i n  the  summer months, 
I ne  GFUCKS 0 r e  u n l ~ a o e o  i n s i d e  a 225,000 t o n  store-ge bu t  l d i n g  a t  Decept ion  Bay. The 
buf  l d l n g  i s  760 f e e t  Long, 305 f a e t  w ide and 145 f e e t  h i g h  and covers  5.3 acres  w i t h o u t  any 
intarmadlate columns. The framework uses 36 glue-Laminat~d arches and contains 1,800,000 board 
Feet of  wood p l u s  600,000 board  f e e t  of  Laminated s t r u t s  end sawn p u r l i n s .  The c o v e r i n g  
coneiets o f  400.000 square fee t  o f  corrugated steel. 
The storage bu i l d i ngs  are o f  lsmineted wood because t h i s  s i ze  o f  b u i l d i n g  cuuru llvr 




f i b e r  i s  recla imed by conveyor Loaded 
f cons is ts  o f  three rock f i l l e d  pe c e l l s  
rar o r o ~ e ~ t i o n  auainst  the  Lerge i c e  forces generated by lncomrng t l aee  car ry rng sea rca. 
b e l t  and 
s t e e l  p i  
on ships 
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ded f i t  
; revel  t o  Nordenha1 
ler  i s  then c l a e s i l  
10 ton  
Th- 
, m m m  , ,,,mm,L p lan  c a l l e d  f o r  an in tegra ted towns i te  a t  Asbes~urr n i ~ ~ .  our; r n i s  IQUU was 
dropped when i t  wee dec ided t o  b u i l d  t h e  f i n i s 1  
.denham, 
p o r t e b l e  camp b u i l d i n g s  a r e  used a t  Decept ion  IS H i  11. 
elevated fou r  fee t  above the ground t o  p ro tec t  t h  d avofd 
r e s u l t  from permafrost  degradation. 
h ing  m i l  
Bey and 
e parmaf 
1 e t  Nor 
Asbesta 
'rost, an 




l u i  l d i n g  
ge t h a t  
- type 
s a r e  
would 
Ing peak 
aarls f i b  
Dur' a c t i v i t y  i n  the  summer I B b r i n g  i n  suppl iea f o r  the year r 
s n t i r e  yi e r  product ion i s  Loedad I - -, 1 crew t o t a l s  45 workere, bu t  r e  
t o  ten  dur ing  the q u i e t  w in te r  months, Deception ,, ,. a Landing s t r i p ,  communication I 
Jwer s t a t i o n ,  e 6.5 m i l l i o n  g a l  
cargo and handl ing f a c i  l i t i e s  and 
nonths wm 
out. the 
i e a e l  PI 
t o  the  I 
Lon tan1 
I camp. 
c f a r m  a nd  two I rnce s h i  
ruu get tons of water per week ere  t rucked 27 m1Les from a deep water Laka. A PI 
Lecte sewage. The sye t r  
i n  a r a p i d  f lush ing ec t i c  
Jec t  ays tem c o l l  
ed a i r ,  ' 
8m hes a 
In, th rou 
ho l d l  ng  
1gh the  s 
t a n k  wh 
ewage df 
~ i c h  whe~ 
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camp wnich eccomodetes the  mine an0 MILL crew nouaaa an average o r  a m  men f o r  t he  45 
p r o d u c t i o n  weeks. The power s t a t i o n  a t  t h e  mine s i t e  has a c a p a c i t y  o f  4850 kw. Wat 
hauled t~ i n  a 5,000 ge l l on  cepaci ty exhaust heeted tank t ruck  from a deep water 
Two tank s combined c a p a c i t y  o f  450,000 ga l l ona ,  h o l d  wa te r  s u f f l c l e n t  f o r  1 2  
days. TI r can be usad f o r  f i r e  protect lon.  Water i s  haeted end rec i r cu la ted  i n  
Lated pipes through heated u t j  l i d o r s  f o r  domestic, p lent ,  and f i r e  protsc ang u t i l  
which are suscept ib le t o  f reez ing are heated by Lene glyc 
through these u t i  l idors.  The sewage treatment p na t i on  t 
reduce 01 1 remaining bacteria. 
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111 c a n t r a l l y  
l ieae 1 genera- 
The 
heated b! 
to re  o r  I 
~ p a i  r ehap, t h e  p l a n t  shop, t h e  
r l a t i n g  g l y c o l  system which 18 nl 
Pired furnaces o f  which there  are 
Asb 
hospl t e l  
t o  t h e  I =rob1 she r Bey e s t o s  H i l l  has a nu rse  on s i t e  a 
250 m i  l as  away. 
O t t e r  medl-vac e e r v i c a  
I mu** 
asbestos "h is  has cont r ibu ted t o  e very Lo H i l l .  1 w s t a f f  turnover rate. 
Yanoower 
Lat ion i n  the  a r t  
i s  i s  a problam I 
Even though there  i s  
rnd only a few took jobs d 
able Esk. 
:onst ruc t  
a size1 
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TU r l t e e  a r e  r a t h e r  h i g h  d e s p i t e  go b e r e l  benefits, r n  1975 
naintena~ rtment hf  red 218 men t o  P i  11 105 , an Level o f  supervis ion i 
most d i f  t o  f i  11. Foremen f rom T h e t f o r ~  u e n t l y  ueed u n t i  1 men c 
t r a i n e d  r o r  r n e  Job. The t u r n o v e r  r a t e  f o r  foramen i s  s t i i r  25 percan t  p e r  year. Emp~oyee 
l l d s  s tead 0 parcan s t o  L i f e  i n  a rl tu rnover  r a t e  he t p e r  mc 
51 
on r e a c t  
camp di fTerantLy end high  turnover must be expected t o  continua. When camp employees l i ve ,  
la t ,  work and spend recreat ion  hours w i t h  the same people, pe rsona l i t i es  are L i  ka ly t o  c lash 
and emot ional  wesknessea w i  11 become apparent. 
Workers epend 38 weeks eech year on the  Job w i t h  a guarantee o f  60 hours work each weak. 
rha r e m a i n i n g  14 waaks a r e  used f o r  compansat ion Leave and ennua i  vacat ion.  Employees a r e  
i o r m e l l y  expected t o  work on s i t e  f o r  n i n e t y  day p e r i o d s  o f  t ime. Only a minimum necessary 
a t a f f  i s  Located a t  Asbestos HiLL, w i t h  a l l  p o s s i b l e  s t a f f  Located i n  Mon t~eeL .  Most eng i -  
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THE BLACK ANGEL MINE 
Jnt roduct iaq  
Named f o r  a dark rock s t ruc tu re  shaped Like an angel h igh  above the Marmor i l i k  Fjord, the 
B l a c k  Angel  mine i s  t h e  f i  r s t  Large-seaLe i n d u s t r i a l  development i n  Greenland, The mine i a  
.ocated a t  the  j u n c t i o n  o f  the  Marmor i l i k  and Ouamarujuk F jords  and the  p u r t e l  i s  2000 f e e t  up 
I near ly  v e r t i c a l  face over looking the Marmor i l i k  Fjord. 
Located 71' Narth Lati tude, t he  mine i s  owned by Greenex U S ,  a Danish compeny which i s  a 
w h o l l y  owned s u b s i d i a r y  o f  Vestgron Minee Ltd. o f  Canada. Cominco Ltd. i s  t h e  o p e r a t i o n s  
managar and has a 62.5 percent i n t e r e s t  i n  Vestgron. 
Land and z inc  s u l f i d e s  were I d e n t i f i e d  4n the t a l u s  a t  the f o o t  o f  the c l i f f  c i r c a  1930, 
bu t  I t  wea no t  u n t i l  a mountaineering team acalad the c l i f f  i n  the  m id -a i x t i aa  t h a t  the out- 
cropings were discovered. 
Th is  area i n  West Greenland he6 an a r c t i c  c l ima te  and although the mine i s  Located on t i d e  
watar, shipping i s  prevented from December t o  June by sea ice. 
When 
ras ancha 
2 ..A - - 
lment began, the  r e f i t t a d  former Canadian A r c t i c  p a t r o l  veeeel S.S. C.D. Howe 
l a r m o r i l i k  Fjord. Th is  ship was used as a f l o a t i n g  camp and warehouse f o r  tha  




p o r t a l s  
Each p 
cab lewe 
were ca l l a red  2000 f e e t  up the  c l i f f  w i t h  the  help of' he l icopters  and Swiss 
o r t a l  i s  now f i t t e d  w i t h  a cableway, one fo r  men end mater ia ls;  the  o ther  f o r  
~ y a  s t r e t c h  across tha  f j o r d  t o  the  concentrator. 
t h e  remote  s i t e  r e q u l  r e d  e l l  i n f r a s t r u c t u r e  t o  be b u i  L t  where n a t h f  ng e x i s t e d  be fo re ,  
i nc lud ing  a town a i t e ,  concentrator, concentrate storage and handl ing f e c t l i t i a e ,  docks, power 
p l a n t  and eea we ta r  d e s a l i n i z a t i o n  p l a n t .  The t o t a l  inveatrnant  t o  b r i n g  t h i s  p r o p e r t y  i n t o  
product ion waa $51.2 m i  1 l ion, 
A room and p i l l a r  mining method i s  used. Approximately f i f t e e n  percent o f  the  ore  i s  l e f t  
i n  p i l l a r s .  Ore i a  hauled t o  the  matnl tne t ranspor t  tunne l  by d iese l  powered Load-hauldump 
unite. Haulage i n  the mainl ine tunnal  i t s e l f  i s  by d iese l  locomotiva w i t h  Grandby type mine 
cars. ALL p r i m a r y  and secondary c r u s h i n g  f a c i l i t i a e ,  r e p a i r  s h i p s  end o t h e r  main  s e r v i c e  
f u n c t i o n s  a r e  Located underground. Waste r o c k  i s  d i sca rded  i n t o  t h e  f j o r d  t h rough  openi  nga 
b las ted i n  the  rock face. 
Wet d r i l l i n g  i s  w i t h  jumbos and conven t l one1  handhe ld  d r f L l e .  S a l t  w a t e r  i a  used t o  
prevent f reaz ing o f  the d r f  11 water. Calcium ch lo r i de  o r  sodium ch lo r i de  i s  added t o  the water 
i n  s u f f f c i e n t  quant i ty  t o  depress the  f reez ing p o i n t  t o  about 22°F. D r i l l i n g  w l t h  s a l t  water 
causas cor ros ion  end s k i n  i r r l t e t i o n .  
Tha concentrator was o r i g i n a l l y  Locatad a t  the  Douglas Creek Mine o f  Cominco Amarican Inc. 
i n  Montana. Thare i t  wee d ieassambled and sh ipped t o  Greenland. See wa ta r  i s  used i n  t h e  
f l o t a t i o n  process raqu i r i ng  a l t e r a t i o n  o f  same concentrator components t o  minimize corrosion. 
The f i l t e r  cake i s  washed w i t h  f r esh  water t o  reduce the ch lo r i ne  content i n  the concentrate. 
F a c i l i t i e s  are provided t o  s tore  seven montha' a t  Concentrate product ion s ince i c e  kln-b= 
the  f j o r d  from December through June. 
-1 end Accomodationa 
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8 0  a r e c r e a t i o n  c e n t e r  
Canada Tungsten Mining Corporetion Ltd. 
Can 
- - - A _ -  1 
Yukon bo 
ta ined b, 
the l e s t  
eda's o n l y  p roduc ing  t u n g s t e n  mine i s  Located on t h e  F l a t  R i v e r  i n  Nor thwest  T e r r i -  
~ a r l s a  130 a i r  m i  Las n o r t h  o f  Watson Lske, Yukon T e r r i t o r y .  The mine i s  two m i  Lea f rom t h e  
1 1 9 0  m i l e s  by road f rom t h e  nee res t  town o f  Watson Lake. The road I s  main- 
kon Government t o  w i t h i n  f o r t y  mi les  of the mine. Genede Tungsten maintains 
i laa. 
LOCI 
w i t h  rec 
Late May 
was Loca, 
feed f o r  
Ore f o r  1 
- .  
r d e r  ant 
y the Yu 
f o r t y  m 
ated e t  62' North l a t i t u d e  i n  the Selwyn Mounteine, the s i t e  has a subarct ic  c l imate,  
orded temperature extremes from minus 4 9 ' ~  t o  p lus  ~ U ~ F .  The ground i s  snow f rea  from 
t o  l a t e  September, During en average win ter ,  f i v e  f e e t  o f  snon can be expected. 
re open p i t  mine produced 1.35 m i l l i o n  tons o f  o re  averaging 1.64 percent WOg. Tha mine 
ted a t  SO00 foo t  e levat lon  i n  a c i rque on the  west s i de  o f  the F l a t  R iver  Valley. H i l l  
the f u l l  year was minad dur ing the snow f ree  per iod  from mid Juna t o  Late September. 
n i n t e r  m i l l i n g  was crushed and etockpiled. The s tockp l l a  was reclaimed w i t h  a North- 
west I 1/2 cubic yard shovel. 
The 
as t lma t r  
underground depoait was found as a r e s u l t  of a atepout d r i l l i n g  program. Reserves are  
3d a t  4.5 m i  L l i o n  ton8  o f  1.60 pe rcen t  WO and 0.25 p e r c e n t  copper. The e x t e n t  o f  t h e  
ore  nae n o t  bean f u l l y  de l ineated.  Tha o r e  body i s  mined by room and p i l l a r  methods. The 
p i  L la rs  are 50 by 60 fee t ;  rooms are 30 fee t  wide. The ore i s  taken i n  20 foo t  benches. up t o  
four  benches ere planned where the  deposit i s  thickest. The method w i l l  be changed i n  areas 
where the  ore  body d ips  a t  an angle greater  then 25 percent. Mined areaa are t o  be f i l l e d  w i t h  
waste and the  p i l l a r s  recovered by Longhole methods from below. Ground c o n t r o l  i s  w i t h  rock 
b o l t s  w i t h  s t raps  and fencing whare necessary. The v e n t i l a t i o n  a i r  i s  heated t o  p lus  5tI0F by a 
12 m i  1L ion  B.T.U. p e r  hour propane burner.  I n  December, 15,000 g a l l o n s  a f  propane a r e  burned 
t o  heat an average o f  140,000 cubic f e e t  o f  a i r  per minute. 
g rav i ty  eeperation, roas t ing  and magnetic separet ion proeesses ere e l  1 used a t  
rne concenzraror. The concentrate, averaging i n  exceaa of 75 percent W03, i s  placed i n  two t o n  
plywood crates which are t rucked d i r e c t l y  t o  Vancouver o r  t o  For t  N e l s o ~  f o r  t r ans fe r  t o  r a i l  
I 
WUUGO n w r b  from d iese l  e l e c t r i c  u n i t s  i s  u t i l i z e d  t o  heat the concentrat ing process water. 
ALSO, water from the th ickeners end s e t t l i n g  tanks i s  reci rculeted.  
0- and Ace- 
work fo rce  present ly  numbers 189 men i nc lud ing  s t a f f  end mummer help. Single employ- 
i n  Atco  s t y l e  t r a i l e r  bunkhouse un i t s .  Twenty-e igh t  f a m i  L i e s  a r e  accomodatad .in 
houses and townhouses. There are plans t o  b u i l d  more, s ince fam i l y  workers are being e n c o u r  
nge b e n e f i t s  i n c l u d e  s u b s i d i z e d  r e t a i  1 g roce ry  s to res ,  r e c r e e t i o n  f a c i l i t i e s  and a 
aeaicai  c l i n i c .  The normal work week i s  48 hours w i t h  overt ime f o r  hours over for ty.  Single 
s t a t u s  employees a r e  a 1  lowed f o u r  round t r i p  a i  r f a r e s  t o  Vancouver o r  Edmonton each year. 
Employees are e l i g i b l e  f o r  two reeks  pa id  vecation a f t e r  one year o f  aervice. I n  addi t ion,  t en  
days t o  two weeks o f  Leave wi thout  pay are  al lowed a f t e r  eech three months served. Longevity i s  
rewarded w i t h  add i t i ona l  pay end vacation bonuses. 
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CASSIAR ASEIES~OS CORPORATION LIMITED 
CUNTUN CREEK MINE 
some p1a1 
The 
fa r thes l  
ly. Locr 
. .  . i r c l e ,  hr 
n i  l es  f r ~  
; no r th  a 
gted a t  
lpen p i t  mine i n  North America was the C l in ton  Creek mine i n  the Yukon 
L a t i t u d e  64' 30' Nor th ,  C l i n t o n  Creek, o n l y  140 m i l e a  s o u t h  o f  t h e  
i s  a subarc t ic  cl imate. C l i n ton  Creek i s  ebout 64 m i  Les from Dawson and four  
horse by road. I m  White 
5s range 
. - - . - 2 . - 
f r om 3 0 ' ~  [ ~B~FI  i n  t h e  summer t o  minus 5 2 ' ~  [ - G ~ ~ F I  i n  t h e  w i n t e r .  
c ignr monrns OT r reex lng waather ineures widespreed permafrost w i t h  depths o f  about 200 f e e t  i n  
rrage annual p r e c i p i t a t i o n  i s  twelve inches, n ine o f  which arm rein. 
n l n '  
t l o n  was 
primary I 
nu C 





ta r .  
ces. Ave 
mine anr I m i  11 were shut down i n  1978 due t o  deplat lon o f  aconomieally racoverable ora. 
ing wae ~y Qpen p i t  from two p i t s  producing 2,110,000 tone o f  ore each yesr. Produc- 
scheduled th ree s h i r t s  aech day, s i x  days per week, Ore from the p i t  was t rucked t o  e 
firusher near the mine and then t ransported t o  the f i b e r  m i L L  v i a  a 5,281 f o o t  tramway. 
r s  r m r - -  d r i l l e d  on a 20 f o o t  by  20 r o o t  g r i d  I9" h o l e s l  o r  22 f o o t  by 23 f o o t  g r i d  19- 
es]  i n  ore, Waste was d r i l l e d  on e p a t t e r n  o f  f r om 18 by 10 f o o t  t o  26 by 3 4  foo t .  
nd  spac ing  depended upon r o c k  t y p e  and d r i  11 d iameter .  I n  areas o f  permef ros t ,  t h e  
i d  spacing were reduced one hal f .  A l l  product lon was from below tha permof r u s t  Level. 
In to  t ruc 
d hau l ed  
:ke w i t h  e i t h e r  a f i v e  cubic yard e l e c t r i c  shovel o r  ten  cubic 
d i r e c t l y  t o  the  primary crusher Loceted near the p l t  parime- 
Equipment was moai f ied  fo r  c o l d  operetion, end operators were i ns t ruc ted  i n  c o l d  weather 
procedures. Succeee a t  C l i n ton  Creek depended upon employee knowledge o f  cond i t ions  and proce- 
duree thus e l i m i n a t i n g  h igh  s t ress  on vulnerable perts. Regular checks were made o f  vulnerable 
perts f o r  cracks end s igns o f  wear. 
St r4 
be l i evec  
e hovel b~ 
I p  heaters f o r  shovel components were no t  used a t  C l i n ton  Creek, because menegenent 
I t h e t  t hey  caused U i f f e r e n t i e l  expens ion end c o n t r e c t i o n .  Wet o r e  t h a t  f r eezes  t o  
ucketa i s  thenad by f u r l  o i l  poured over the  f rozen ore, and ignited. 
To keep hydrau l ic  aystema functioning, epec ie l  o i l  wes ueed o r  the summer o f  l was di luted. 
The h y d r a u l i c  o i l  i n  t h e  d r i l l s  was rep laced  w i t h  f m p e r i a l  U n i v i s  J43 which wee en a i r c r a f t  
undercarriege hydrau l ic  o i  1. The hydrau l ic  o i  1 f o r  ten  cub ic  yard Loaders was d i l u t e d  w i t h  up 




warm b ro  
lng the  weeks o f  extreme c o l d  the shovels and Loaders wee assigned t o  load the aaai l y  
The harder d lgging was Le f t  u n t i l  the tempereture was above minus 29OC 1-20°F1. I n  
t h i a  way, components wera n o t  h i g h l y  s t r e e s e d  when t h e  m e t a l  was b r i t t l e .  No shove l  s t i c k s  
ken a t  the  C l i n ton  Creak mine. 
One 
the t  the 
DOS 
way atrssses were reduced on t r u c k  companents e t  the  C l i n ton  Creek mine wee t o  ineure 
haulage roads wera graded. To prevent the park ing brake from f reez ing i n  the braked 
. 
i t l o n ,  t h e  t r u c k s  were parked I n  a depreae ion i n  t h e  s e r v i c a  area w i t h  t h e  b rake  o f f .  
Diesel  motore ,we rped w i t h  emergency shut o f f  devices which ac t iva ted I n  the event o f  
eng ine overspeel  a a t i n g  o r  Loss o f  L u b r i c e t i o n  pressure.  These s h u t  o f f  dev ices  were 
checked each day 
Ire e q u i ~  
J ,  overhl  
The p r i m a r y  c r u s h i n g  p l a n t  was l o c a t e d  nea r  t h e  p i t  and i n c l u d e d  a 122 c e n t i m e t e r  [48 
i nch l  by 152 cent imeter [60 inch l  overhead eccent r ic  jaw crusher, screen and secondary crusher 
i n  a heated bui ld ing.  A heavy c u r t a i n  o f  b e l t i n g  was suspended above the feeder between the 
b u i l d i n g  and t h e  dump b i n ,  t o  keep t h e  dus t  and c o l d  e i r  o u t  o f  t h e  Crusher b u i l d i n g ,  (see 
F i g u r e  E-11. T h i s  c u r t e f n  had a r e i n f o r c e d  window which  a l l o w e d  t h e  c rushe r  o p e r a t o r  t o  
observe ks whi l e  dumping. 
- - 
the t ruc 
. heavy 
-am---  - 
A1 I equipment was s e r v i c e d  I a 
S ~ ~ V ~ C B  aereue we9 heeted bv a ho t  water c i  r c u i a t i a n  svsrem iocatea i n  tne f i oo r  
m a heat ing v i I. 
and rep
. . - . . . a .  
i r e d  i l  
.- - - 
n t h e  ce 
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The crushed ore wae Loaded i n t o  buckets o f  * jgrems [I capacity, end t r  
1610 meters [5,280 fee t1  t o  the m i l l  which waa I! B [500 PeetJ above the crusher bu 
[see F i g u r e  E-21. The Longest unsuppor ted spat, meters  (2,200 f e e t l  end t h e  me 
he ight  above the ground was 76 meters [250 feet l .  During the w in te r  months the moist  ore f roze 
t o  the bucket w a l l  and t r a p  door. This f rozen ore  continued t o  b u i l d  up, reducing the capaci ty 
o f  the bucket and overloaded the r e t u r n  cable. Therefore, twelve o f  the eighty- four buckets 
were removed from the Lfne eech day and s tored i n  a heeted b u i l d i n g  f o r  24 hours t o  a l l ow  the 
1.6 tonal  
. . 
.arnmed 
i l d i n g  
x i  mum 




t ram bu dumped the  ore i n t  crusning c i r c u i r  wnere rock end 
ware f l  r s t  separ T h i r t y  percent o f  the m l l l  feed was removed as waste i n  t h i s  c i r c u  
the t a i  l i n g s  p i  Le. The rock con 
ed f o r  m i l l  feed. The mt L L  prod1 
y the  waete heet from the e l a c t r  
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I conveyor b e l t 8  t h a t  t r a n s p o r t  nd  from t h e  d r y  o r e  s t o r a g e  b u i l d i n g ,  ar 
r the  t a i l i n g s  dump, operatad a t  t temperature. The Lubricants I n  the be1 
boxes were changed fou r  t imes e t o  insure proper lubr ieat ion.  ON600 wal 
aur ing the  c o l d  weeks. I f  the  Lubricants were no t  changed, a stopped b e l t  would prove ax1 
Ly d i f f i c u l t  t o  r e s t a r t .  The Inc reased  
conveyors resu l t ed  i n  b e l t s  being p u l l e d  
o r e  t o  a 
: ambienl 
ech year 




I t e n s i o r  
apar t  a 
I caused 
t the fac 
by t h e  c 
:tory spl 
o l d  on i 
1 i ce. 
l y  L u b r i  c a t a d  
Gre 
nerrow 
- ,  
ded f i b e r  woe t rucked t o  Whitehc re i t  was ioeaad 
page r e i l r o a d  f o r  shipment t o  Sk lLaske. I n  Skagw 
c o n r a i n e r  s h i  pa f o r  t r a n s p o r t  t o  Vencouver, B r i t i s h  Co' ' ' 
crossed the Yukon River a t  Dawson City. Th is  was accompl 
e government f e r r y  and by an I c e  br idge when the Yukon 
up o f  the r i  ver both o f  these methods were precluded. 
An a i r p o r t  w i t h  a 1618 me ta r  l5.31 
scheduled serv ice  t o  Whi tehorsa. 
Pass and 
Loaded I 




i ~ h e d  i n  
was f r o z  
I P B ~ T I C  FO an0 f r o m  t n e  mine . 
the Ice-free summer montha by 
en. During breakup and freeze 
and had 
ELeccr ice i  power was generated by r i v e  -I , d O  k i  low1 ornsoy u l e s e l  e l e c t r i c  
units. There wee a l so  one 500 kw Ceterpi  l l a r  Diesel  e l e c t r i c  unl.. .,,,;a heat from the power 
house WE o heat the 
on and HI 
I t  W m a l  
IS used t r Large r bu i  l d i l  ngs i n  tl 
The Town of c i l n t o n  
F ive  m i l es  from the  mine, on the  be he Fortymi Le River, the  company but lt a commu- 
n i t y  w i t h  a p o p u l a t i o n  o f  445. C l i n t o  was a modern town L a i d  o u t  i n  a w i l d e r n e s s  
s e t t i n g  w i t h  many services, i nc lud ing  a tou r  neo hospi ta l .  
1 FIGUFE E-1 
CURT IN ABOVE PAN I 
FIGURE E-2 
ORE TRAM 
The b u i l d i n g s  i n  the  town were a l l  b u i l t  on p i l e  foundat ions because o f  the  permafrost. 
These p i  l es  are placed i n  6.7 meter (22 f o o t ]  d r i  L led holes end are back f i  lLed. U t i  l i t i e s  were 
brought t o  homes i n  u t i l i d o r s  which were o r i g i n a l l y  underground but  were r e l ~ c a t e d  above ground 
when problems arose. The res idents  o f t e n  s k i r t e d  the b u i l d i n g s  f o r  aes the t i c  reasons o r  f o r  
i n c r e a s e d  s t o r a g e  c a p a c i t y  [see F i g u r e  E-31. S k i r t i n g  the  bu i l d i ngs  prevented proper f reeze 
back of t h e  ground d u r i n g  t h e  w i n t e r  and p e r m a f r o s t  d e g r a d a t i o n  r e s u l t e d .  Other  p rob lems  
deve loped f r o m  t h a w i n g  o f  g round around t h e  u t i l i d o r s .  Not o n l y  d i d  t h e  u t l l i d o r s  f a i l  b u t  
they thewed the  support  o f  the foundat ion p i l e s  [see F igure  E-41. 
Company p o l i c y  was t o  s e l l  the  houses t o  the  employees, bu t  a f t e r  t he  mine was shut down, 
t he  company bought t he  homes t o  insure  t h a t  the  employees d i d  n o t  Lose money. 
Labor t u r n o v e r  was e prob lem j u s t  as i t  was a t  any remo te  n o r t h e r n  l o c a t i o n .  To i n s u r e  
t h a t  t h e  b e s t  eva iLabLe men were h i r e d ,  p r o s p e c t i v e  employees were p u t  t h r o u g h  e  s e l e c t i v e  
h i r i n g  process and a s e l e c t i v e  probat ionary  period. New u n s k i l l e d  employees were a l so  given an 
ex tens ive  t r a i n i n g  program. Many o f  t he  workers were from f o r e i g n  countr ies,  o f t e n  as many as 
twenty- f i ve  d i f f e r e n t  n e t i o n a l i t i e s  were representad a t  one t i  ma, among them, many Yugosla- 
v ians,  To h e l p  t h e s e  employees succeed, t h e  company u f f e r d  c l a s s e s  i n  E n g l i s h  and t r a d e  
q u a l i f i c a t i o n s ,  end ass i s ted  i n  t r a n s f e r  t o  new jobs  when the  mine closed. 
The town was La id  o u t  w i t h  do rm i to r i es  f o r  s i n g l e  workers i n  one area and marr ied  f a m i l y  
housing i n  another which discouraged mixing. I t  would c rea te  a more n a t u r a l  l i v i n g  environment 
t o  i n t e g r a t e  t h e  hous ing,  and o f f e r  s m a l l  a p a r t m e n t s  t o  t h e  s i n g l e  employees a l o n g  w i t h  t h e  
regu la r  f a m i l y  housing. 
Despi te t he  f a c t  t h a t  t he  employees s o c i e l i t e d  w i t h  t he  ssme people w i t h  whom they work, 
t he re  was l i t t l e  t rouble.  There were no p o l i c e  i n  C l i n t o n  Creek and the  nearest  Canadian Royal 
Mounted P o l i c e  Post was i n  Deweon. 
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FIGURE E-3 
FOUNDATION, NOTE SKIRTING 
FIGURE E-4 
BURLED UTILIDOR CAUSED THAWING OF FROZEN GROUND 
--1PPOKT FOR FOUNDATION P I L E  AND P I L E  MOVEMENT RESULTED 
IRON ORE COMPANY OF CANADA 
The I r o n  Ore Company o f  Canade was fo rmed  i n  1949 by Cenedien and h.S. s t e e l  companies 
w i t h  a c a p i t a l  i n v e s t m e n t  o f  250 m i l l i o n  d o l l a r s  t o  deve lop  t h e  i r o n  o r e  d e p o s i t s  nea r  Knob 
Lake, Quebec. The company begen cons t ruc t i on  i n  1950 o f  a 357 m i l e  r a i  l roed,  two hyd roe lec t r i c  
power p lan ts ,  a permanent town and a 10 m i l l i o n  t o n  per year ore  t e r m i n a l  a t  Sept-I les on the  
Sa in t  Lewrence R ive r  and town and mine f a c i l i t e s  a t  S c h e f f e r v i l l e  [see F igure  F-11. Highgrade 
o re  a t  Knob Lake i s  crushed and Loaded d i r e c t l y  i n t o  r a i l r o a d  cars  f o r  shipment t o  Sept-110s 
where i t  i a  Loaded f o r  shipment d i r e c t l y  t o  the  smelter. Cur rent ly  t h i s  d i r e c t  sh ipp ing ore, 
p r i n c i p a l l y  nonbessemer and manganiferous, averages 54  p e r c e n t  i ron. Low grade ( 5 0  p e r c e n t  
i r on1  ore mined a t  Knob Lake i s  concentrated and p e l l i t i z e d  a t  Sept-Iles. 
Knob Lake M i n a  
M i n i n g  i n  t h e  Knob Lake a rea  i s  by open p i t  f r o m  seven p i t s  a t  f i v e  L o c a t i o n s  sp read  24 
m i l e s  along the  Quebec-Labrador border. Product ion i n  1976 wes 8,870,000 Long tons o f  which 
3,528,000 Long tons  were processed i n t o  pe l l e t s .  The i n d i v i d u a l  p i t s  e re  no t  permanent. The 
d e s i r e d  p r o d u c t i o n  l e v e l  i s  m a i n t a i n e d  by open ing  new p i t s  as o l d e r  p i t s  e r e  m ined  o u t  [see 
F i g u r e  F-I al. 
The Ferr iman Nor th  and Fleming Number Three mines a r e  i n  Quebec, whereas the  two p i t s  a t  
Redmond and t h e  t w o  a t  T immins  a r e  l o c a t e d  i n  Labrador.  The Rowe p i t  s t r a d d l e s  t h e  b o r d e r  
which compl icates record keeping. Eech o f  tho  f i v a  mines has i t e  own crushing, screening and 
Loading p lan t ,  i t a  own maintenance shop and i t s  own engineer ing and superv is ion  s t a f f .  B l a s t  
h o l e s  a r e  d r i  LLed w i t h  9 7/8" e l e c t r i c  powered d r i  1 1s. Shot  r o c k  i s  Loaded by  f i v e  10 c u b i c  
y a r d  and f i v a  8 c u b i c  y a r d  shove la  i n t o  t h i  r t y - f o u r  120 t o n  d i e s e l  e L e c t r i c  hau lage  t r u c k s .  
Ore product ion  extends f rom A p r i l  t o  mid-November, and waste removal i s  scheduled 1 2  months o f  
t h e  year. The o v e r a l l  s t r i p p i n g  r a t i o  i s  t w o  t o n s  o f  waste  t o  each t o n  o f  ore. Eech d r i l l  
ho le  i s  sempled by a Laboratory t echn i c ian  f o r  i r o n  content  t o  de l ineate  o re  f rom weste f o r  t h e  
product ion  shovels.  
I n  1973 a c o n c e n t r a t o r  end p e l l e t i z i n g  p l a n t  came on s t r a a m  a t  S e p t - l l a a  t o  p r o c e s s  
Schafferv iLLe Leen ore. Knob Lake resarvee now t o t a l  370 m i l l i o n  tons. Ore i s  i n  f o r t y - s i x  
separate depos i ts  ranging i n  s i z e  f rom one m i l l i o n  t o  f i f t y  m i l l i o n  tons. 
These deposi ts a re  located on the  c o n t i n e n t a l  d i v i d e  i n  an erea o f  r o l l i n g  h i  11s w i t h  many 
Lakes. S c h e f f e r v i l l e  i s  on the  southern edge of t he  discont inuous permaf ros t  zone end has a 
s u b a r c t i c  c l i m a t e .  The mean a n n u a l  t e m p e r a t u r e  i s  24Of, and p r e c i p i t a t i o n  amounts t o  29.3 
i n c h e s  p e r  year. Snow f a l l  amounts t o  about  130 inches.  The h i g h  e l e v a t i o n  o f  t h e  a rea  
exposes t h e  mines t o  h i g h  w inde e l l  year. I n  moet months, t h e  avarage w i n d  v a l o c i t y  i s  t e n  
m i l ee  per  hour. 
Due t o  t he  remoteness o f  the  Location, warehouse inventory  i s  h igher  and approximates f i v e  
t o  s i x  m i l l i o n  do l la rs .  An extensive inventory  o f  d r i l l  and shovel components i s  kept  on hand 
fo r  rap id  repairs.  Components such es motors o r  t r a c k  frames can be repa i red  i n  a heated shop 
more e f f i c i e n t l y  than i n  t he  f i e l d  under w i n t e r  condi t ions.  
Mine Deweterinq 
Water i n  t he  ore  causes many problems i n  t h i s  suba rc t i c  Location. Water I n  b l a a t  ho les  
requ i res  the  use o f  expensive s l u r r y  axplosivee, and wet ho les  tend t o  cave. Dur ing the  w i n t e r  
months, t he  wet are  f reezes on the  ground a f t e r  a shot, and a l so  f reezes t o  t he  shovel  bucket. 
Wet o re  Loaded i n t o  r a i l r o a d  cars compacts and freezes and i s  d i f f i c u l t  t o  unloed. Water a l so  
causes muddy roads i n  t he  p i t ,  increas ing wear on t i  re8 and brakes. Ho ld ing  p i t  slopes a t  an 
acceptable angle i s  q u i t e  d i f f i c u l t  when the  w a l l s  a re  saturated. 
It f s  I m p o r t a n t  t o  dewa ts r  t h e  o r e  b e f o r e  min ing .  T h i s  i a  accomp l i shed  by c o n t r o L l i n g  
sur face water end by d r i l l i n g  w e l l s  i n  and around the  per iphery  o f  t he  p i t .  We l l  Loeation i s  
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by p i t  design, geology, hydrology, f i e l d  t e s t s  t e  element ana l ys i s  computer 
~ I ~ I I I  UIIJ by the eva luat ion  o f  w e l l  performance. There are  present ly  th i r ty-seven w e l l s  i n  
r a t i o n  w i t h  a t o t a l  pumping capac i ty  of 27,042 U.S. ga l l ons  per  minute. Wel ls  very i n  depth 
m 200 t o  700 f e e t  and hava 12 i nch  diameter casings. Discharge Lines are c a r e f u l l y  l a i d  t o  
ure  proper drainage when shut down because o f  cold. The Low p o i n t  i n  the  Line has a tee 
e valve which i s  enclosed, i nsu la ted  and heeted. Pumps normal ly  run eontinuously, end the 
, e r  p r e v e n t s  f r e e z i n g .  Pumps a r e  p r o t e c t e d  f r o m  f l y  r o c k  and c o l d  w i t h  an 
d me ta l  enclosure. 
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Aitnougn w e l l s  a re  usua l l y  q u i t e  e f fec t ive  i n  l ower ing  the  water t a b l e  on the  p i t ,  o the r  
s u r e s  a r e  t a k e n  t o  cope w i t h  t h e  wet  c o n d i t i o n s .  These i n c l u d e  h o l d i n g  s h o t s  t o  a s m a l l  
e i n  t h e  w i n t e r  t o  i n s u r e  t h a t  o r e  can be Loeded o u t  b e f o r e  i t  f r e e z e s  s o l i d ,  and s h o v e l  
ke ts  t h a t  a re  heeted t o  prevent o re  o r  weste buildup. Drainage d i tches and sumps he lp  t o  
t r o l  weter  and keep haulage roads dry. 
mea 
s i z  
bucl 
nnn. 
A l t e r s  
era. On 
r i i l v .  1 
s a v a r y i n g  e f f e c t  on t h e  p o r o s i t y  and permeabi  l i t y  o f  t h e  v a r i o u s  r o c k  
o f  t h e  o r e  r o c k s  e r e  po rous  bu; d r a i n  p o o r l y ,  t h e  o t h e r  t w o  t h i r d s  d r a i n  
, .,, :he a l t e r e d  s l a t e s  a r e  r e l a t i v e l y  impermeable.  These c o n d i t i o n s  c o m p l i c a t e  p i t  
uous pe rma f  r o s t  f u r t h e r  c o m p l i c a t e s  t h e  job.  When p e r m a f r o s t  i s  





s t 8  r i n g  
ountered 
ve the  f 
, end d i  
, we1 1s 
rozen l e  
scon t i n 
a re  d r i  
lyer. 
I luLmP Y ~ I I  V L ~ ~  r o c k  a r e  spaced on e 27 x 27 f o o t  g r i d .  Banch h e i g h t  i e  38 f e e t  
bgrade d r i l l i n g .  Dur ing the  w i n t e r  months, f r o s t  holes are used t o  break up 
Layer. A f r o s t  h o l e  i s  a s h o r t  h o l e  d r i l l a d  o n l y  t o  t h e  dep th  o f  f r o e t  
ho les  break up the  seasonal f r o s t  Layer w i thou t  the  necess i ty  o f  c l o s i n g  
IIUI mtar  IIULU avdcing. Without f r o e t  holes, Large s labs  o f  f rozen o re  e re  preva lent  i r  " 
t ho les  are  d r i l l e d  between each f u l l  depth ho le  and between rows o f  hi 
16 f r o e t  ho les  f o r  each depth ho le  [sae Chapter 61. A row o f  f r o e t  hal t  
pe r ime te r  t o  c o n t r o l  hack break and prevent f rozen chunks f rom hangir 
U U ~ U .  I IIU m IIIU SUPBPV~SOF va r i es  t he  burden, spacing, subgrade and Locat ion of f r o s t  ho les  
h t he  westher and geology. Dry ho les  e re  b u l k  Loeded f rom m ix ing  t r u c k  capable o f  d ischerg- 
AWFO o r  AVAWFU. Although more expensive, AL/AN/M i s  p re fe r red  because o f  i t s  g reater  
ght  strmngth. Wet ho les  are Loaded w i t h  a s l u r r y  . i n  50 lb. begs which increases the  explo- 
3 cos t  by a f a c t o r  o f  t h ree  o r  four. The Hydromex s l u r r y  i e  s to red  i n  a heeted bu i  l d f n g  t o  
i c  q u a l i t i e s  when Loaded i n  c o l d  weathe1 
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pr imacord and thm h o l e r  a re  s t1  t h  cut t ings.  Of ten  t h e  stem-, 
m i n g  w i  11 t r e e r e  oezween r o a d i n g  t i m e  and de tona t i on .  I f  d e l a y s  a r e  l o n g e r  t h a n  1,5 m i  lli- 
~ n d s  t h e  f i r s t  ho le  t o  go w i l l  move the  f rdzen stemming m a t e r i a l  i n  l a t e r  ho les  f a r  enough 
:ause m i s f i r e s .  The use o f  d r y  c rushed  r o c k  f o r  s temming  a l i m i n o t e s  t h i s  p rob lem and 
r l t s  i n  b e t t a r  containment, b e t t e r  fragmentation, a l ower  powder f ac to r ,  b e t t s r  braak con- 
L, and Leee f l y  rock. 
The n i l  
o r e  b e i n  
t so t h ~  
. . - .  
powered b l e s t  ho le  d r i l l s  were ex tensfve ly  r e b u i l t  f o r  c o l d  weather 
B. The d r i l l  i s  s t r i p p e d  t o  t h e  f rame  w h i c h  i s  t h e n  ex tended t w o  
use can be b u i l t  t o  e n c l o s e  t h e  mach ine ry  end p r o v i d e  a walkway 
rae. A ~ ~ " C U L V B P ~  p f p e  I s  r u n  t o  t h e  t o p  o f  t h e  mast and f i t t e d  w i t h  e f a n  t o  f o r c e  d u s t  
e a i r  i n  i e c h i n e  house [see F i g u r e  F-21. D u r i n g  c o l d  months, t h e  a i r  i s  hea ted  t o  
r re  prop1 t i o n  o f  d r i l l  components. Radiant heaters above the  l u b r i c a t i o n  and hydrau- 
s t o r a g e  ~ n d  pumps supp lement  t h e  hea ted  a i r .  The compressor  o i  1 and c o o l a n t  have 
e rs ion  heeters t h a t  s tay  on when the u n i t  i s  no t  opera t ing  and s w i t c h  o f f  du r i ng  operation. 
compres I bear ing  Lub r i ca t i on  system i s  changed f rom splash type t o  pressure type t o  
r re prop1 cation. Cut t ings  and i c e  which pack around the  stem wrenches below-deck 
ie a nevr J opmrating problem. The i n s t a l l a t i o n  o f  a notched d r i l l  c o l l a r  end the  uae 
:wo wedges n o t  on ly  e l im ina tes  the  problem, bu t  raducea the  danger o f  Losing a stem down the  
a replaced w i t h  a f an  and c u r t a i n  arrangement t o  prevent f reeze up 
r i e a l  l y  
I s e r v i c i  
l h i n e  ho 
b e f  I
fee 
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l i c  
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FIGURE F-2 MODIFIED BLAST HOLE DRILL 
Tanner gas i s  i n j e c t e d  i n  t h e  a j r  sys tem t o  p r e v e n t  a i r  l i n e  f r e e z e  up. 
60 percent n a t u r a l  rubber t o  prevent the  c rack ing associated w i t h  neoprene 
i n  t h e  co ld .  
o f  
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t h e  c o l l  
i l i n g  ca 
l e c t o r .  
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yard  and f f v e  6 cubic yard  e l e c t r i c  shovels are  used t o  Load ore  and waste. 
The n o d i f i e d  f o r  c o l d  wee the r  ope ra t i on .  The o p e r a t o r ' s  cab i s  i n s u l a t e d  and 
f i t t e a  w i t n  nea te rs .  To p r e v e n t  we t  o r e  f r o m  f r e e z i n g  on t h e  bucket ,  e l e c t r i c  h e a t e r s  a r e  
-*'ached t~ d bot tom. The c a p a c i t y  o f  t h a s t  s t o t a l s  1 2  kw (see 
uras F-3 
o t h e  bu 
and F 4  
c k e t  a i l  
01.
des en 3 h e a t e r  
To prevent f a i l u r e  o f  e orpper s t i c k  i n  c o l d  weether, t he  stanaara s t i c k  I s  replaced w i t h  
a e e n t r l f u g a l l y  c a s t  t u b e  of  AISI 4620 a l l o y  machined t o  a t o l e r a n c e  o f  1/32 o f  an i n c h  and 
warmed w i t h  t r ace  heaters. Tha company I s  exper iment ing w i t h  L i m i t  switches, t o  p r o t e c t  t he  
s t i c k  f rom Inexperienced o r  care less  operators. The forged swlngrack geer i s  replaced w i t h  a 
eas t  rack o f  menganese-molybdenum a l l o y  w i t h  an improved t o o t h  design. Shafts sub jec t  t o  h igh  
imp i t h  sha f ta  o f  chrome-molybdenum o r  chrome-nickel-molybdenum a l l oys ,  
and i t o  an i n v o l u t e  design (see Chapter 71. 
a c t  load 
the  s p l  
s are r e  
i nes  are 
placed w 
I changet 
Proper Lub r i ca t i on  o f  the  shovels was a d l f f l c u l t  problem. The open gear end s t i c k  spray 
.e replaced w i t h  a d r i p  ayatem. The automat ic system now pumps l i g h t w e i g h t  o i  L t o  
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s shovels break on an average o f  one s e t  each w i n t e r  season. Repair 
l e t  new o r  r e b u i l t  frames ere  a l lowed t o  s i t  f o r  a year before belng 
l l Q & u i  
Wobi Le equipment l a  kept  runnlng a l l  w i n t e r  except when brought t o  a heated b u l  l d i n g  f o r  
n e r v i c e  and r e p a i  r. O p e r a t o r  cabs e r e  i n s u l a t e d  and f i t t e d  w i t h  La rge r  heaters .  Equipment 
f l t t e d  w i t h  s i r  a e t i v l a t e d  devices have ayatems t o  remove mois ture  t o  prevent f reeze up. A i r  
heeters, automat ic tank  dralnegaa velvee o r  a l coho l  i n j e c t o r s  s e r m  t h i s  purpose. Hydrau l ic  
aystems t h a t  do n o t  gene ra te  o p e r a t i n g  h e a t  a r e  d i l u t e d  w i t h  kerosene [as  on t h e  graders ] ,  
heated [as I o r  changed t o  e l i g h t e r  weight [as on the  bulldozers]. 
t l o n e d  s 
  ugh the  
----..a. 
~ l a e r h e r e ,  t h e  are; i s  a t  t he  southern edge o f  t ha  discontinuous permafrost  
zonl town o f  Schefferv lLLa 1s n o t  located on permafrost, many o f  the  p i t s  have 
~ ~ C ~ U I I ~ U I  wu p-I II~PI llost t o  depths o f  290 feet. 
ond i t i ons  o f  t he  rocks i n  t h e  area, the  parmafrost  areas have Layera 
o f zen o r e  i s  d f f f i c u l t  t o  mine e c o n o m i c a l l y  s i n c e  I t  w i l l  n o t  d r a i n  
whe.. n p L L P  I L L - U  ~ ~ - a r b y ,  and i t s  m e c h e n i c a l  p r o p e r t i e s  r e q u i r e  more e x p l o s i v a a  on a 
ser p a t t e r n  f o r  good breakage. Dur ing d r i l l i n g ,  compressed a i r  i s  used t o  c l e a r  t he  ho le  o f  
t i n g s .  Compressed a i r  i s  h o t  a f t e r  compress ion and thews t h e  w e l l s  o f  t h e  h o l e s  d u r i n g  
L l i n g  which r e s u l t s  I n  sloughing. Wet s loughing holes are  Loaded prompt ly w i t h  the more 
aneive s l u r r y  t o  Insure  proper detonation. 
t he  s e t  
he ore. 
,..r A-4 
ure ted  c 
The f r o  
: I 1 -A -.s 
c 101 
c u t  
d r i  
expl 
ed expenses o f  min ing  f rozen oro, i t i s  o f t e n  l e f t  i n  f avo r  o f  unfrozen ore. 
s are  opened along the  wind-swept r idges toward the north,  the  p ropo r t i on  o f  
LIII UI u III~I I-PIS. It has the re fo re  become impor tant  t o  know the  th ree  dimensional d i s t r i -  
i o n  o f  p e r m a f r o s t  i n  a p f t  d u r i n g  t h e  p l a n n i n g  stage. Om Garg, o f  I r o n  Ore Company o f  
ada, has w r i t t e n  severa l  papera descr ib ing  the  research done a t  Knob Leke t o  p r e d i c t  perma- 
s t  d i s t r i b u t i o n .  P red i c t i ons  are  made on the  baais o f  measurements o f  ground temperature, 
buyography, drainage, vegetation, snow depth and geophysleal propert ies. There i s  a s i  gni  fi- 
Due t o  
ever, 
--- --- 
tho  add 
new p i t  How 
f ro ;  
b u t  
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FIGURE F-3 
HEATED SHOVEL BUCKET 
FIGURE F-4 
HEATED SHOVEL BUCKET 
cant increase i n  seismic ve loc i t y  and e l e c t r i c a l  r e s i s t i v i t y  i n  f rozen ground which can be used 
1 nafrost  bounderfee. to delinc 
The 
d 
l a te  perm 
know Ladl 
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ge o f  permafrost d i s t r i b u t i o n  i s  used t o  p red i c t  d r i  l l j n g  end explosive costs, 
t o  avoio sez t i ng  a dewetering w e l l  i n  permafrost, end i n  design o f  the p i t  slopes. The geophy- 
s i c a l  data a lso  show depths t o  badrock which are necessary f o r  foundation design end estimates 
o f  amount o f  overburden t h e t  must be removed. 
icbQfh3 
s t e d  a t  
. ---. -3 
c I t he  L a t i  t uds  ~ 4 ~ 4 9 '  n o r t h  and l o n g i t u d e  ~ 8 ~ 5 0 '  west, S c h e f f e r v i  110 i s  i n  t h e  
suuarcric area o f  northern Ousbsc. The town was b u i l t  so le l y  f o r  the i r o n  ore development i n  
the Knob Lake area. The p o p u l a t i o n  i s  about 4,500 i n c l u d i n g  some 800 Montagnais (French 
rpeekingl end Naskap [English speaking1 Indians. The homes ere company owned, end are rented 
;o employees f o r  from $65 t o  $100 per month. 
Tha e f f a i r s  o f  the  t a r n  are d i rec ted by an e lec ted mayor end fou r  eldermen who are raspon- 
s i b l a  t o  the hebec  government under the Towns Act. Although the compeny at tempts t o  stay out  
o f  town a f f e i  rs, they d i d  support the  town when they overspent f o r  the  A r c t i c  Winter Games he ld  
a t  Sche f fe rv i l l e ,  i n  1978. 
Sehaffervi 118 has th ree churchea, three schools, two banks, a theatre, two hotels, restau- 
rants, herdwere store, serv ice  s ta t ion ,  department s tores  and grocery store. Thera are e lso  
two commercial bu i ld ings  housing numerous sma l l  shops. The town a lso  has a p o l i c e  and f i r e  
i t a t i on ,  post  o f f i ce ,  and town ha l l .  The t h i r t y - n i n e  bad h o s p i t a l  i s  s t a f f e d  w i t h  two doctors. 
Two commercial a i r l i n e s  serve S c h e f f e r v i l l e  on a d a i l y  beeis. The town operates a spor ts  end 
:uLturaL center  which provides hockey, skating, broombakk, bowling, swimming pool, cur l ing ,  
l i b r a r y  end workshops f o r  pa in ing ,  s c u l p t u r e ,  a c t i n g ,  photography end hendicrafts. Outdoor 
l e t i v i t l c  le baseball ,  soccar, tennis, down h i l l  end cross country skiing. The Canedian 
$roadcast lo ra t ion  provides rad io  end t e l e v i s i o n  i n  both French and English. Since thare  
is no ros : t i o n  t o  Schef fa rv i  l l e ,  reeidents sh ip  t h e i  r automobiles v i a  r a t  l roed t o  Sept- 
l l e s  f o r  use on vacet ions .  Tho schoo ls  p r o v i d e  c l a s s e s  i n  French and E n g l i s h  th rough  grede 
elevan. Students must a t tand boarding school t o  f i n i a h  t h e i r  h igh  school education. 
18 inc luc 
: ing  Corp 
~d connec 
In 1972 t he  Canadlan Gavarnment bu3Lt m 108 u n i t  set t lement adlacent t o  t he  company town 
t o  housa the Local I nd ian  population. The Ind ians  former ly l i v e d  i n  an inedequate v i  l l ege  a 
few m i  lee  from town. 
S c h e f f e r v i l l e  has become the eervica center  o f  many groups engaged i n  minera l  exp lora t ion  
i n  northern Duabec end Labredor. McGi 11 Un ivers i ty  operates a subarc t ic  research Leboratory a t  
Schaf fe rv i  1 l e  t o  study permafrost end t o  conduct anthropological  studies. 
A 
Power t o r  S e h a f f e r v i  110 comes Prom a company owned h y d r o e l e c t r i c  p l a n t  a t  Hen i  hek, 30  
m i l es  south o f  Schef fe rv l l le .  Each s l u i c e  gate i s  protected from f reez ing by e l a c t r i c  heaters 
of 144 watts t o t a l  capacity. The t ransmission Line spacing wee increased from 17 inches t o  12 
inches and than t o  31 inches end i n  some cases 51 inches because o f  the high winds. There are 
th ree 1,000 kw standby d iese l  generators Loceted a t  Menihak. These u n i t s  are kept ready f o r  
au ick  s t a r t e  w i t h  coolant  and Lubricant heaters. 
Personnel 886 l sbo r  R e L a t u  
Recru i t ing  and t r a i n i n g  an adequate work fo rce  i s  e most d i f f i c u l t  problem. Vincent, i n  
s tudy ing t h o  work f o r c a  i n  1969 s t a t e s  t h a t  v i r t u e l l y  a l l  workers  came f rom s m e l l  v i l l a g e s  
along t h e  S a i n t  Lawrence o r  f r om t h e  M a r i t i m e  Provinces.  Only e t  t h e  management Leve l  can 
Ind iv idua ls  be found who came from c i t i es .  Although the  wages are h igh  f o r  eastern Canade [$5 
t o  $9 per hour1 the turnover ra te  hes r i sen  t o  30 percent (as opposed t o  15 percent i n  19671 ae 
the e k i l l e d  workers f i n d  b e t t a r  paying jobs  a t  the t a r  sands p ro jec t  i n  A lber ta  o r  the hydro- 
e l e c t r i c  p r o j e c t  near James Bey. Both o f  thesa p ro jec t s  are government f inanced and pay higher 
wages. 
To i n s u r e  an adequate supp l y  o f  s k i l l e d  workers,  snere  a r e  t r a i n i n g  and a p p r e n t i c e s h i p  
programs f o r  the young unski 1 Led workers. Often, however, these s k i  1 l ed  employees move south 
when trained. There are some Portugese workers who work f o r  twenty years end then r e t i r e  t o  
Portugal. Because o f  government support and the  c u l t u r a l  d i f ferences,  very few Indians work a t  
the mine, although those who do are good workers. 
work f 
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I n  1978 t h e  average o rce  wee 1115. ~ u r t e e n  days and t h e n  have two 
days o f f .  The mine operr  r a e  s h i f t s ,  sevl :. Premlum pay i s  t i m e  and one 
ha l f  f o r  the  f i r s t  Pour ~UUI -P  ~ v e r  f o r t y  end d o u o ~ u  s ime over  rorty-four. 
Moat w in te r  work i s  performed I n  heated bu heated cabs. One b i g  exception 
i s  major repa i rs  on d r i l l s  and shovels which car n s l  de. Temporary enclosures o f  
f lameproof canvas are erected end heated, These =rl ~m ku PI UI.WGI. against  wind and low tempere- 
tures, bu t  are, a t  most, bel ly  e f f e c t i v e  b pa i red. 
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PINE POINT MINES 
Pine 
Ire 6-1 s 
Id ..rr .-A 
Po in t  C 
haws the 
I en,+ a, 
l i nes  i s  a recent ly  developed lead-zinc open p i t  mine i n  the  subarctic. Flg- 
Location on the south shore o f  the Great Slave Lake between the towns o f  Hay 
I l r - l  olru r u ~ .  ndSOl~t i0f l  i n  the Mackanzia D i s t r i c t  o f  the Northwest T e r r i t o r i e s ,  Canada. The 
opogrephy i s  gent ly  r o l l i n g  w i t h  scrub jack  pine, b lack spruce end w i l l o w  w i t h  Large araas o f  
pen swamp. S i tua ted 60°52' North, Pine Po in t  experiences subarc t ic  cond i t ions  w i t h  an average 
emperature f o r  January and February o f  minus 25'~. The area i s  i n  the discontinuous perma- 
f rgs t  zone w i t h  minimum w in te r  temperatures near mlnus 50'~. 
Two o f  the  ' ree ore  bodies uncovered dur ing development contained very h igh  grade 
o r e  i n  t h e  cen te  November and December o f  1964, 14,080 tons  o f  h i g h  grade o r e  were 
shipped t o  Comonc Brs a t  T r a i l  end Kimberly. The ore graded 18.6 percent Lead and 258  
p e r c e n t  z i n c ,  n e t t i n g  Prne P o i n t  91 m i l l i o n .  H igh grade ore ,  g r a d i n g  22.5 pe rcen t  l eed  end 
29.1 p e r c e n t  z i n c  and amount ing  t o  364,000 tons ,  was sh ipped i n  1965. I n  1965, sh ipments  o f  
concentrate and high grade ore net ted  Pine Po in t  822 m i l l i o n ,  enabling the investment i n  the 
mine and m i l l  t o  be pa id  o f f  dur ing the tune up period. the  1966 earnings were $34.2 m l l l i o n ,  
and on March 1 ,  1965, t h e  mine q u a l i f i e d  f o r  t h e  t h r e e  year  t a x  exempt ion  on a l l  income. 
u r t h e r ,  t h e  p r o p e r t y  ecqu i  r e d  f rom Py ramid  q u a l i f i e d  as a separa te  mine and was g ran ted  s 
hree year axamption on the cond i t ion  t h a t  the  mine waa su i t ab l y  expended o r  a new m i l l  con- 
tructed. The expansion came on Line i n  1969, b r i ng ing  cepacity t o  8,000 tons per day and by 
972. c a o e c i t y  waa up t o  11,000 t.p.d. 
The 






uLe l a  f ou r  m i l l i o n  tons o f  o re  each year, w i t h  a e t r i p p l n g  r a t i o  o f  
g cons is ts  o f  f i v e  mi l l l o n  tone o f  waste rock and th ree m i  l l l o n  tons 
I UVUI-uu WIUI-w rn~n ing  begine, w e l l s  are d r i l l e d  around the  perfmeter o f  each ore body. 
These w e l l s  a r e  250 t o  350 f e e t  deep w i t h  80 t o  100 horsepower pumps p roduc ing  200 t o  1000 
ga l lonm p e r  minuta. The Low c o a t  hydropower a l l o w a  t h i s  e x t e n s i v e  dowa te r i ng  system t o  be 
economica l l y  feas ib le .  The o r e  I s  s o f t  and f r i a b l e ,  so d r i  LL ing and b l e s t f n g  p resan t  few 
problems. Mining i s  done i n  35 f o o t  benches using shovels, Loaders end trucks. 
The ore 1s dumped d l r e c t l y  I n t o  a 42 Inch by 65 Inch gyratory pr imary crusher, where It i s  
c rushed t o  minus 5.5 inches. The o r e  i s  t h e n  screened t o  p l u s  end minus 3.4 I n c h  w i t h  t h e  
overs iza going t o  two secondary crushers. Mr. R J .  Johnson presents a de ta i l ed  descr ip t ion  o f  
the f rozen ore thawing process which i s  b r i e f l y  ou t l i ned  below. From mid-Oecamber ytil the 
and o f  March one-half of the ore (475 tone per hour1 passes through a thawer and the other h a l f  
bypaases it. The thewer  i s  a c y l i n d e r  10 f e e t  i n  d iame te r  and 60 f e e t  Long. I t  r o t a t e s  a t  
3.85 rpm and has a maximum c a p a c i t y  o f  850 tone  p e r  hour. Tha thawer  bu rns  butane a t  100 t o  
120 U.S. g a l l o n s  p e r  hour a q u i v e l e n t  t o  10 m i l l i o n  BTU/hr wh ich  i a  one - fou r th  i t s  maximum 
heet ing capacity. The u n i t  I8 f i t t e d  w i t h  four  Scrubbers t o  remove the dust from the exhaust. 
T h i s  system has worked w i t h  no problems, end t h e r e  i s  no c u r t e f l m e n t  o f  p r o d u c t f a n  d u r i n g  
w i n t e r  months. Once thawed, o r e  i s  m ixed  and s t o r e d  i n  t h e  f i n e  o r e  bina. The o r e  1s than  
concentrated by conventional methods, y i e l d i n g  a Lead concentrate t h a t  i s  80 percent Lead and a 
z inc  concantrate t h a t  i s  60 percent zinc. 
Precaut i  ans 
J.W.B. Scarborough desc r l bes  t h e  s teps  taken  a t  P i n e  P o i n t  t o  d e a l  w i t h  t h e  weather 
cond i t ions  t o  insure year round, un in ter rupted operation. When new equipment i s  ordered i t  i s  
f i t t e d  w i t h  c o l d  weather opt ions and a l l  mob1 l a  equlpment i s  s tored i n  heated bui ld ings.  
power sh  Ive booms and d l p p e r  a t l c k s  made o f  T-I s t e e l ,  i n s u r i n g  good i m p a c t  
8, t o  -40°. bumpers have been replaced w i t h  rubber t o  reduce Impact. The cabs 
a,- r r r r  Insu la tsb  UIIU r  tad w i t h  good heaters. ALL meta l  Lubr icat ion tubes and a i r  Llnes era 
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w i t h  large diameter, metal-braided, Aeroqulp hfgh-pressure hose. During the w in te r  
:he f i v e  cubic yard buckets are exchanged f o r  four  cubic yard buckets. Several t r ack  
l t i n g s  were broken as a r e s u l t  o f  the extreme c o l d  and d i f f i c u l t  d igging conditions. 
such cos t l y  breakdowne dur ing  c o l d  weather, areas o f  d i f f i c u l t  d lgging are Leveled by 
lozer p r i o r  t o  moving t h e  shove l  t o  t h e  face. I n  t h e  f " ; c r i t i c a l  s h a f t s ,  booms and 
1" t o  d e t e c t  c racks  so t h a t  repa be made b e f o r e  I t h e r  
a i l ,  a t 1  
i r s  can  ticks a1 
irri vea. 
re  "magn :o ld wee 
rweLve t u c i i o  quarry t rucks  are equipped w i t h  quarry-type exhaust heatea r-I I 
b he cabs are  f i t t e d  w i t h  ex t ra  i n s u l a t i o n  and ex t ra  heaters. The motor i s  kept e l  
F l e ra t i ng  temperature by a thermoeta t ica l ly  c o n t r o l  Led fan end rad ia to r  shu t te r  ar 
a ~ o d  aide guards. The crawler  t r a c t o r s  ere equipped w i t h  revers ib le  rad ia to r  far 
h e l p  Keep o p e r a t o r s  warm. T r a c t o r s  t h a t  e r e  n o t  i n  use a r e  s t o r e d  i n  a heated b u i l d i n g  ano 
those used outs ide are kept running 24 hours per day. The only w in te r  maintenance problem on 
the t r a c t o r s  i s  the hydreul fc f l u i d  seals which Leak i n  co ld  weether. The ro tary  d r i l l  has a 
heated cab, end the  d r i l l  machinery i s  enclosed t o  p ro tec t  t he  a i r  and hydrau l ic  systems from 
:he co ld .  
s tee l  
: the 
i d  by 
1s t o  
are  taken t o  insure  t h a t  the  equipment i s  proper ly Lubricated I n  the  
l p e r i a l  01 1 Van Eaten i s  used f o r  the s t icks ,  s l i des  and hook r o l l e r s  
. u u l  p e r i o d s  o f  ex t reme c o l d ,  heated Essolube HDX3O i s  brushed on t o  t h e  
txposed r o t a t i n g  gears and hook r o l l e r s  several  t imes each s h i f t .  Buahinga are Lubricated w i t h  
iseo Lotemp Mol ly  grease. The hydrau l ic  systems on most aquipment use Esso automatic Transmis- 
; Ion F l u i d  Type A. If the hydrau l ic  system does not  b u i l d  up heat dur ing operation, such as on 
:he l1a1r-*-enm d r i l l s ,  t h e  f l u i d  i s  d i l u t e d  w i t h  P-40 d i e s e l  f ue l .  Trucks  use ATF t y p e  A i n  
he h y d r a u l i c  system and G.P. 80 gear Lube i s  usel 
I 1  In  the motors, hydreulics, t ransmission and f i  
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Plne Poin t  formula ?or successful w in te r  operat ion i s  t o  order c o l d  weather opt.-..-, 
Ludlng those on quarry t r  ti l i r e  heated st1 i su re  
he frozen ore. 
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duce Loa 
a t i o n  an 
I t  required n t  subeldies f o r  power and t renspor ta t ion  t o  change t h i s  property from 
I p rospec t  t o  an  o p e r a t i n g  mine. T h i s  o p e r a t i o n  has made a s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  
Ievelopment o f  northern Canada end t o  the  s t rength  o f  the  Canadian aconomy. Ther t rong 
l o s s i b i  l i t y  t h a t  t h e  i nc reased  p r o d u c t i o n  w i  11 n e a r l y  pay f o r  t h e  r a i  l r o e d  axtE 3 t h e  
i rea t  Slave Lake through greater  than an t i c l pe ted  f r e i g h t  volume. The h i s to ry  o f  party 
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UNITED KENO HILL MINES LIMITED 
The Uni ted Keno H i  11 Mines are Located i n  c e n t r a l  Yukon Te r r i t o r y ,  Canada, near the towns 
o f  E l s e  end Keno. E l s a  i s  285 m i  Lea n o r t h  o f  Whitehorse and 200 m i  l e s  sou th  o f  t h e  A r c t i c  
c l  r c l e .  The c l i m a t e  i s  s u b a r c t i c .  Temperature ex t remes o f  minus 6 2 " ~  [ - 8 0 ~ ~ 1  t o  p l u s  3 5 ' ~  
[95O~1 have been recorded a t  the town o f  Mayo, which Lies twenty-eight mi las  t o  the south [see 
F i g u r e  H-11. Temperature ex t remes a t  E l s e  vary from minus 51°c [ - 6 0 ~ ~ 1  t o  2 7 ' ~  [80'~1. The 
mean annua l  t empera tu re  i s  minus 1°c 1 3 0 ~ ~ 1 .  Much o f  t h e  area i s  u n d e r l a i n  by pe rme f ros t ,  
o f t an  several  hundred f e e t  th ick.  A few places on south fac ing  slopes are free o f  permafrost. 
S l l v e r ,  Leed, z i n c  end cadmium a r e  mlned f rom s e v e r a l  s m a l l  depoa l ta  by underground 
methods. The o r e  I s  concen t ra ted  a t  E l s a  and t r u c k e d  t o  Whitehorse where i t  I s  Loaded on 
r a i l r o a d  c a r s  f o r  sh ipment  t o  Skagway, Alaska,  t hen  by s h i p  t o  Vancouver, B r i t i s h  Columbia, 
where i t  i s  transpoted by r a i l  t o  various smelters depending on which metal  i s  i n  the shipment. 
The f i r s t  6 i  Lver o r e  was d i scove red  i n  t h o  eree i n  1906 by g o l d  p r o s p e c t o r s  Leaving t h e  
dec l i n i ng  Daweon aree. 
The Ferriman North end Fleming Number Three mines were mined out  i n  the w in te r  o f  1 9 1 4  
1915, and i n t a r e s t  i n  t h e  area r a n  high.  I n  1919 more d i s c o v e r i e s  were made and a c t i v i t y  
increased as the  Treedwel l  Yukon Company end Keno H i l l  Mining Company worked i n  the area. A l l  
p r o d u c t i o n  s topped I n  1942 when rese rves  were exhausted. I n  1945 Keno H I  11 M i n i n g  Company 
purchased t h e  T r e a d w e l l  h o l d i n g s  and L a t e r  reo rgan i zed  as U n l t e d  Keno H i l l  Mines L imi ted .  
Production has continued s ince then. 
Exp lora t ion  I s  a maJor p e r t  o f  the oparation, aa the ore l i e s  i n  ama l l  pocketa and veins. 
Reeerves are ra re l y  s u f f i c i e n t  f o r  more then one yeer. The h igh  p r i c e  and expanding demand f o r  
e i l v e r  insures contlnued axp lora t ion  end mining i n  t h i s  area. 
Kano Hi  11 M l a a g  
A l l  o r e  comes f rom undarground mines l o c a t e d  on Galena H i  11 end Keno H i  11. P r e s e n t l y ,  
p r o d u c t i o n  l a  f r om t h e  Husky, No Cash, E lsa ,  D i x i e ,  and Keno Mines, The m i n i n g  methods used 
very w i t h  ground cond i t ions  but  a re  mainly cu t  and f i  11 e t  the Husky and squere s e t  stopping a t  
t he  other locations. Experiments ere underway t o  determine the f e a s i b i l i t y  o f  mining n 8 a F  
surfaca ore by p i t  methods. The t e s t  s i t e  I s  near the Kano Mine and appears t o  be successful. 
However, t h i s  surface ore i s  ox id ized and there fora  d i f f i c u l t  t o  concentreta. 
A l l  mlning takes place I n  f rozen ground, requ i r i ng  spec ia l  techniques. D r i  L l i n g  i s  no t  
i n t e r r u p t e d  u n t i  1 t h e  h o l e  i s  comple te ,  o t h e r w i s e  t h e  r o d  W I L L  f r e e z e  i n  p lace.  Ho les  a r e  
loaded soon a f t e r  t hey  a r e  d r i l l e d  o r  i c e  wou ld  f l l l  t h e  hole. S a l t  i s  added t o  t h e  d r i l l  
water end e l r  Lines are heated w i t h  heet tape. The f rozen rock requiras more explosives and 
c loser  hole spacing t o  insure  proper breakage. Shota ere kept smal l  t o  insure t h a t  they can be 
Loaded before freezing. 
Openings I n  the frozen rooks qu i ck l y  f i l l  w l t h  weter which freezes, c l os ing  the  opening. 
Areas t h a t  a r e  n o t  b e i n g  worked soon bscoma lrnpesseble. I n  t h e  areas b e i n g  a e t l v e l y  mined, 
s a l t  i s  used on the  t racks  and care i s  taken t o  have pumps remove water before i t can freeze. 
Much o f  t h i s  water comas from the rocks bu t  some condenses out  o f  the  a i r .  Warm v e n t i l a t i o n  
a i r  qu i ck l y  cools t o  i t s  dew p o i n t  and i c e  c r y s t a l s  form on the we l l s  and t imbers [see Figure 
H-21. This  f ros t  b u i l d s  up u n t i l  i t  i n t e r f e r e s  w i t h  r a i l  car  passage. As new erees are mined, 
the  geo log is t  must keep the  mine map up t o  date bafore tho f ros t  covers the rock. 
The f r o z e n  rocka c o n t a f n  ve ins  of  i c e  s e v e r a l  Inches t h i c k  (see F i g u r e  H-31. The i c e  i n  
t h i s  photo wee found i n  tho Kano mine among rock Layers I n  a recent ly  worked aree more then 100 
. feet below the ground surfaca. 
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remeins qui  t e  hlQh, fourteen percent per month. Wagee e f fec t i ve  September 1977 range 
f rom over  86.50 pe t o  over 810.00 pe r  haup. B e n a f l t a  i n c l ude  a yea r l y  e l r  f a r e  t o  
Edmonton o r  Vancou\ both employees and spousas, L ibera l  Leeve p r i v i l eges  and vacation 
benef i ts, a l rven pa l  a hallasye, good insurance and pension p lane. 
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USIBELU COAL MINE INC. 
Many aspects  o f  Aleska'e o n l y  yea r  round mina were covarad i n  t h e  M i n e r a l  I n d u e t r y  Re- 
hearch Labora tory  Repor t  t o  t h e  U n i t e d  S t a t e s  Department o f  t h a  I n t e r i o r  Bureau o f  Mines by 
.ynch, Johansen, lambert and Wol f f  on Juna 30, 1976. Although Alaska has e tremandous poten- 
:iaL f o r  minera l  end f u e l  development, problems w i t h  Lend ownarship, Land f reezes, governmental 
axation, t ranspor ta t ion  and Labor costs have prevented new mines from opening. 
seasonal gold mines, the U s i b e l l l  Coal Mine i e  the only f u l l  scale year round 
I Alaska now. 
lement, t 





U a i b e l l i  Locat ion ,  j u s t  seven m i  l e s  f rom t h e  A laska Rai  Lroad and 120 m l  l e a  f rom 
F I, has cont r ibu tad t o  i t s  success. The mine i s  located i n  the Hsaly Creek Val ley near 
t u n i t y  o f  Healy. Rai 1, a u t o  and a i  r t r e n s p o r t a t i o n  a r e  a v e i  Leble, i n s u r i n g  adequete 
connectlon w i t h  Fairbanks and Anchorage. 
Hea 1 
1 5 ~ ~ 1 .  T
.y, a t  83 
he c o l d  
t i tude,  i s  i n  the  subarctic. Tampereturea range down t o  minus 5 4 ' ~  [- 
unded by h igh  winds t o  80 k i lometers  (50 m i l ea l  par hour. 
Coal from the U s i b e l l i  Mine provides the  base load power f o r  most of c e n t r a l  Alaska. The 
c o a l  i e  burnad f o r  hea t  and a l e c t r i c t y  by t h e  U n i v e r s i t y  o f  Alaska,  community o f  Fe l rbanks,  
F o r t  Wa inwr igh t ,  E iLeson A i r  Forca Base and C l a a r  AOr Forca Base. Some c o a l  i s  burned a t  a 
oower o l a n t  near t h e  mina owned by Golden V a l l e y  E l e c t r i c  Assoc ia t i on ,  and e l e c t r i c i t y  i e  
;ed t o  Fai  rbenks 38 kv Line, over a 1 
coa l  beds d ip  from 45' no r th  i n  t he  Healy Creek area t o  f l a t  Lying betwenn Healy and 
:reeks, j u s t  t o  t h e  nor th .  I n  t h e  Healy Creek area, Number Ona bed ranges f r o m  12 t o  
I l u r b r r r - ~  [40 t o  100 f e e t 1  i n  t h i ckness ;  Number Two bed 3 t o  9 meters  [ I 0  t o  30 f e a t ] ;  and 
lumber Three bad 2.4 t o  5 metem (0 t o  18 feet). I n  the  L i g n i t e  Creek area Number One seam i s  
5 t o  25 f e e t  i n  t h i cknees ,  Number Two seam, 6 t o  10 f e e t ,  Number Three seam, 1 2  t o  25 f e e t ,  
lumber Four seam, 20 t o  31 f e e t ,  Numbar F i v e  seam, 0 t o  9 Pent and Number s i x  seem, 20 t o  29 
'aet. The c o e l  beds l i e  i n  t h a  T e r t i a r y  Coa l  B a r i n g  Group wh ich  c o n s i s t s  o f  p o o r l y  c o n s o l i -  
dated sandatonee, conglomarates, a i l t ~ t o n e s  and clays. Th is  group i s  ove r l a in  by poor ly  conso- 
L i  dated gravels which are  unconformably ove r l a in  by g l e c i o f l u v i a l  gravels. The t h i  r teen recog- 
n ized coa l  seams o f  the Nenane Coel F i e l d  ere est imated t o  contain approximately seven b i l l i o n  
tons, down t o  a depth o f  3000 feat. 
c o e l  i s  ranked subb i tuminous "C" w i t h  a h e a t i n g  va lue  o f  7500 t o  go00 ETU p e r  pound. 
I l p r o x i m e t e l y  20 t o  25 p e r c e n t  m o i s t u r e  and 0 t o  15  pe rean t  ash. L i k e  moat ALeskan 
c - - .  , J c o a l  minad a t  Healy 1s very  low i n  s u l f u r  (about 0.1% t o  0.351 and t h u s  i s  env i  ron- 
m e n t e l l y  acceptable.  S t r i p p i n g  o f  t h e  g r a v e l  l e y e r s  i s  hempared by permaf ros t .  The coe l ,  
howaver, I s  mostly unfrozen o r  i c e  free, end done no t  present spec ia l  mining problems. 
Coal mining IR t h i s  erae has bean continuous s ince 1918, by both underground and open p i t  
methods. Since 1960, a l l  product ion has come from surface mines. Consumer demand f o r  coa l  i s  
greatest  I n  the  w in te r  months a t  90,000 tons per month, dropping t o  40,000 tons i n  midsummer. 
y s t r i p p i n g  was done by hydraulicking. Later  the  overburden was removed by a va r i e t y  
o la. Most commonly i t  was r ipped o r  bul ldozed t o  a p i  Le, than loaded onto t rucks  w i t h  
Y I - ~ I I ~ ,  slad loaders. A f t e r  t h e  c o e l  was uncovered, I t  was Loaded i n t o  t r u c k s  by f r o n t  and 
Loaders. The I n t e r n a t i o n a l  Payhaular t rucks  heve interchangeabla boxes, one f o r  hau l ing  coa l  
and one ?or heu l ing  waste. Tha coa l  and waste t rucks  are Loaded by ten cubic yard Payloedera. 
E igh t  t rucks  are assigned t o  w in te r  coa l  product ion and two t o  waata haulage. Coel i s  hauled 
t o  the Healy Mine Mouth power p l a n t  o r  t o  the  r e i  L t ipple.  No coa l  washing l a  being done now, 
a I i s  planned f o r  the future. 
led out  areae are f i l l e d  w i t h  waste from new p i t a ,  contoured and seeded. Seeding and 
f e r t l l i t i n g  i s  done f r o m  an a i r p l a n e  and has P I  A he rd  o f  D a l l  sheep 
come t o  these reclaimed e i t e s  t o  feed end are of t t o  areas where noisy 
equipment; i s  working. Moose are a lso  common i n  
roven qu 
'ten seen 
the  area 
i t 8  succ 
I grazing 




tw i ce  dt 
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bing c o l d  weather  a l l  equipment i s  housed i n  heated b u i  l d i n g s  when n o t  opera t ing .  
iquare f e e t  o f  heated s t o r a g e  i s  avaf Lable f o r  t h i s  purpose. Equipment i s  s e r v i c e d  
31 Ly from e mobi le serv ice truck. This t r u c k  i s  spec ia l l y  designed and b u i l t  f o r  the 
t has a  heated box sec t ion  t h a t  houses a l l  grease, o i l ,  pumps and hoses [see Figure I- 
The 
r o l l i n g  
. . 
I c o l d  weather a c t u a l l y  has some 
resistance, and are easl  l y  malnt  
roads become s o f t  and m a t e r i e l  may e l i d e  down from c u t  t 
these r r  he mine uses I n t e r n a t i o n a l  Payb 
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On t n e  o t n e r  hand, t h e  c o l d  rsducee worker  e f f  l c r e n c y  and t h e  u s e f u l  11 f e  o f  equlpment. 
Construct ion o f  Large min ing  machines, such as U a l b e l l i t s  33 yard walk ing dragline, may requ i re  
spec ia l  measures beceusa o f  the  co ld  w in te r  weather. Construct ion o f  Us ibe l l i ' s  d rag l ine  was 
s t a r t e d  i n  e  heated b u i l d i n g  t h a t  was s p l i t  a t  the center  and could be opened f o r  i n s t a l l a t i o n  
o f  large components end then c losed and reheated dur ing  c o l d  weather. This a l lowed c r i t i c a l  
welds t o  be made under proper cond i t lons  and kept worker e f f i c i e n c y  a t  en acceptable Level. 
The town  o f  Us ibaLL i  i s  a l s o  t h e  Loca t i on  o f  t h e  company o f f l c e s ,  shops, heated s t o r a g e  
bu l ld inge and some company housing. I n  1977 U s i b e l l i  coa l  mine Leased a sac t lon  o f  Land from 
t h e  A laska Ral  Lroad wh ich  was aubd iv lded  and improved w i t h  r o  ephone and e l e c t  
Lines. U e l b e l l i  hae subleased the property t o  both mine employc ather l o c a l  peopl 
have constructed permenent dwellings. This subd iv is ion  i s  knowr .Valley Subdi v f s i  
now forme the nucleus o f  the r e s i d e n t i a l  daveloumant i n  the H~~ILV arum. Numerous stat1 
disposa 1 3 area rec along w 
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Workers are  able t o  assoclete w i t h  amployee 
meintenence crews, and power p l a n t  workers I n  Hc 
be found a t  other northern mining towns, and con 
mkmls 1: 
Conwe 11. 1976 
'7 
, .~eh,  et.al., 1976 
"u8 . " t  1973 
Uu ibe i i r ,  1975 
U s i b r l l J ,  1977 
Correspondence w i t h  Chief Manager, stave uenzon, ~ugusr, IYUZ. 
FIGURE 1-1 
~ n n v l l . ~  TRUCK WITH HEATED SERVICE COMPARTMENT 
FIGURE 1-2 
ERECTION OF HEATED BUILDING FOR 
WINTER DRAGLINE CONSTRUCTION 
lwPmuU( J 
-1TEHORSE COPPER MINES LIMITED 
m i l e s  f r o m  Wh i teho rse  i n  t h e  Yukon I L t  d, 
P  PC >pper, go ld  and s i l v e r  from an undergrouno mine ruKon 18 i s  i n  
the  suba rc t i c  w i t h  a  mean ennual temperature o f  minus 1°c [30.5"FI. U D U ~ L  h igh t e r r ~ p ~ - O L U I - ~ S  i n  
3 summer ere  1 8 O ~  t o  21°c [ 6 5 O ~  t o  7 0 ~ ~ 1  w i t h  e  o f  2 7 ' ~  ( 8 0 ~ ~ 1 .  Winter  tempera 
iga t o  minus 40% [-4U0~1 w i t h  a  record Low o f  !OC [-61°~1. The average t o t a l  p  
l a t i o n  i s  42 cent imetars  [ I 6 3  inches1 per  year ng approximately 127 cent imeter  
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The method o f  underground min ing  i s  E L  b l ~ s t h o l e  stopping. TI r y  crusher i s  
~ a t e d  underground. The o r e  i s  t rammed 3 o r e  chu tes  by n i n e  eub i  Low p r o f  i le ,  
~d hau l  dump u n i t s  which en te r  t he  mine V I U  u decline. The crushed ore  ano wasta a re  ho is ted  
s four teen f o o t  diameter 
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on s i r  i s  heeted i n  the  ondi- 
e Large a i r  volume [123,000 c u b i c  reer p e r  m1nur;el requ1 r e o  oy cnrr use or  o i e s e l  
ipment d f c ta tes  heaters o f  12  m i l l i o n  BTU per  hour capacity. The a i r  i s  heated by pro 
then c i r c u l a t e d  down the  aha f t  through the  mine end exhausted up the  dacline. The o i l  
furneces fo rmer l y  used were replaced by propane burners when r i s i n g  o i  1 p r i c e s  made i t  ch 
t o  t r u c k  propane f rom Alberta. As a  bonus, eavings are  made on maintenance costs. Thn en 
i n t a l n i n g  t h e  o i  1  burners was high; t he  propane burners a re  cheaper t o  r 
s t  be pumped f rom the  storage tanke when temperatures f 
I shows the  propane tanks, burner and duct t o  the  head f 
r t a b l e  w 
L -  - L  
lpane, 
f i red 
eape r 
s t  a f  - -  -. 
opene 
i gura 
The c r u a n e r  n u i  l d i n g  and m i  11 were n o t  nea taa  o u r i n g  t n e  p e r i o u  o f  open p i t  o r e  prndl le-  
nn. T h i s  s i t u a t i o n  c r e a t e d  maintenance, d u s t  c o n t r o l  and o p e r a t i n g  problems. I n  a  
tironment, maintenance people do n o t  work as c a r e f u l l y  o r  aa r a p i d l y  es i n  a  warm env 
nt. Wi th  a  c o l d  m i l l ,  water spray cannot be used f a r  duet con t ro l ,  and crushing f roze  
:en c reates  more dust  than crushing unfrozen ore. Problem spots t h a t  requ i re  heat, such 
aaee pun hea ted  by i n f r a r e d  has 
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I nrn- 1~ A t  the aeme t i n e  t h n t  t he  m i l l  wes ree ta r tea  i n  1 y / r ,  --..., warm unaergrouna -. -, 
m and heaters were i n s t a l l e d  i n  the crusher bu i l d i ng ,  m i  ll end conveyor galleries. S i x t y  
nusend c u b i c  f e e t  o f  a i r  p e r  m i n u t e  1s  hae ted  by a  7 m i l l i o n  BTU c a p a c i t y  propane fu rnece ,  
d c i r c u l a t e d  t h r o u g h  t h e  m i  11, c r u s h i n g  p  l a n t ,  coa rse  o r e  s t o c k p i  l a  and f i n e  o r e  bin.  The 
vveyor g a l l e r i e s  a re  enclosed and u t i  l i r e d  fo r  warm a i r  d i s t r i b u t i o n .  Thn temperature i s  
~t above 5 ' ~  [41°~1  a t  a l l  t imes, p rov id ing  coml 
i a l l o w i n g  f o r  successful  dust  supreasion w i t h  a 
t i t  
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The m i l l i n g  c i r c u i t  inc ludes a 5000 t o n  Live cepacrty coarse ore s t o c k p i i e  !see t r g u  
21, T h i s  s t o c k p i  l e  i s  p r o t e c t e d  f ram f r e e z i n g  by an i n s u l a t e d  and heated " t e n t "  wh i c  
c o n s t r u c t e d  f ram m a t e r i a l  on hand by p l a n t  main tenance personne l .  It c o n a i s t s  o f  a  
c e n t e r  p o l e  w i t h  c a b l e s  s t r u n g  t o  anchors  Located a t  t h e  p e r i m e t e r  o f  t h e  s t o c k p i l e .  
c a b l e s  s u p p o r t  c o r r u g a t e d  m e t a l  r o o f i n g  and t h r e e  i n c h e s  o f  fi b e r g  Lass i n a u l a t i  on. He 
 plied t o  the  enclosure through the  o re  r e c l a i m i  
t h  f rozen ore  i n  the  atnrage p i l e .  
- -  .- 
dea 1  
l e i  t v  - 
ng conve yo r  tunn saves h av ing  t o  
Minua 0.95 cent imeter  t3/8 Inch1 ore  i s  s to red  I n  a  cyLindr icaL,  5UUU t on  Llve caps 
t h e  p a s t ,  o u l d  f r a e r a  i n  Ld montha t h e  b i n  d u r i n g  t h e  co i. R e t r  
MILL I WATER 
IlER (CE 
FIGURE J- 1 
:E TANK (LEFT), HEADFRAME AND VENTILATIC 
:NTER) AND PROPANE STORAGE TANK (RIGHT) 
FIGURE 5-2 
COVERED COARSE ORE STOC 
r e q u i r e d  a crew o f  up t o  t w e l v e  Laborers  w o r k i n g  f r o m  beneath  t h e  b in .  S ince t h e  b i n s  have 
been i n s u l a t e d  and heated,  r e c l a i m i n g  i s  an a u t o m a t i c  o p e r a t i o n  [sea F i g u r e  J-31. T h i s  was 
accomplished by i n s t a l  l i n g  7.6 cent imeters  o f  f i b e r g l a s s  i n s u l a t i o n  an the  outstde o f  the  bSn 
and cover ing t h a t  w i t h  corrugated me ta l  siding. A 7.6 cent imeter  [3 inch1 a i r  space was l e f t  
between the  i n s u l a t i o n  and the  o r i g i n a l  ou ts ide  wa l l ,  [now i n s i d e  the  i nsu la t i onJ .  Warm a i r  i s  
s p i r a l e d  around the b i n  i n  t h i s  a i r  space t o  ma in ta in  the  temperature above freezing. 
One hundred t o  one hundred twenty tons  o f  concentrete grading from 35 t o  45 percent  copper 
a r e  recove red  f rom a m i  11 feed o f  2,400 t o n s  p e r  day. The c o n c e n t r a t e  i s  sh ipped  i n  25 t o n  
c o n t a i n e r s  on t h e  W h i t e  Pass and Yukon Ra i  Lroad t o  Skagway, A laska and t h a n  by f r e i g h t e r  t o  
Vancouver, B.C., where i t  i s  t r a n s f e r r e d  t o  gondole c a r s  f o r  r a i l  sh ipmen t  t o  F l i n  F lon ,  
Manitoba. 
S m e l t e r  c r e d i t s  a r e  r e c e i v e d  f o r  t h e  p r e c i o u s  m e t a l  r ecove red  i n  t h e  concen t ra te .  The 
average c o n c e n t r a t e  grade i a  0.0 ounce g o l d  and 7.0 ounce s i l v e r .  Coarse g o l d  i s  a l s o  re-  
covered from the  g r i nd ing  c i r c u i t ,  m i  11 Liners and dump boxes; nuggets are  hend-picked. F ine  
go ld  concentrate i s  soLd t o  an independent precious metals re f inery .  Approximately 1300 ounces 
o f  coarse go ld  were recovermd by t h i s  method i n  t he  f i r s t  s i x  months o f  1977. 
The Large bu t  ahal low t a i l i n g s  pond proved t o  be i n e f f i c i e n t  because o f  i c e  bu i ldup a t  t he  
discharge Line. I n  1975, the  maintenance department began cons t ruc t i on  o f  an e a r t h  f i  LLed dam 
i n  a steep s ided va l l ey  downstream from the o r i g i n a l  pond. By keeping the  pond depth i n  t he  9 
t o  1 2  m e t e r s  (30 t o  40 f e e t ]  range t h e  lc'ing p rob lem has been e l i m i n a t e d .  D u r i n g  t h e  w i n t e r  
months t a i l i n g s  are  discharged below the i c e  Level, i n s u r i n g  t h a t  t he  s o l i d s  w i l l  s e t t l e  ou t  
and n o t  be f r o z e n  i n  a b l o c k  of  i ce .  
E igh ty  percent  o f  the t a i l i n g s  water i s  recla imed f rom a pond below the  dam. Water f rom 
t h e  Yukon R ive r  end the  mine drainage aystem supp l ies  t he  remaining 20 percent. The pumphosm 
i s  f l o a t e d  i n  t h a  r e c l a i m  pond on a t y r o f o e m  b l o c k s  [see F i g u r e  J-41. H a t e r  i s  c i r c u l a t e d  t o  
underwater heaters t o  keep the  area around the  pumphouse i c e  free. 
Water pumpad a t  Whitehorse Copper i s  c a r r i e d  t o  s t e e l  p ipae l a i d  on the  ground surfaoe, 
fnau la ted w i t h  f o i l - backed  f i b e r g l e s s  i n e u l a t i o n  end covered w i t h  fabrene f o r  weather protec- 
t ion.  Surfaca Linea a re  uaed f o r  eeee o f  thawing and repai  r. Approximately 1,200,000 g a l  lone 
per  day a re  pumped t o  an unheated uninsuLatad wood atove tank [sea F igure  J-11 f o r  m i l l  use. 
The remote Location o f  t h i s  mine, together  w i t h  t he  Lack o f  serv ices  ava i l ab le  i n  White- 
horse,  n e e e s a i t a t a a  a Large werehouse i n v e n t o r y .  The va lue  o f  gooda s t o r e d  e t  t h e  mine wes 
51,087,000 on June 1, 1976. Transpor ta t ion  cos ts  t o  Whitehorse a r e  presented i n  Table J-I. 
Ship Fruln Cost Shipping Tima 
Edmonton [ t r uck1  S77/cwt [hundred wei g h t l  3 deya 
Vancouver [ t r uck1  t l8 /cwt  3 days 
Vancouver [ sh ip  & r a i l 1  t G/cwt 7 days 
Ai  r Express $33/cwt 4 days 
Warehouse inventory  i s  being computarizad t o  b e t t e r  c o n t r o l  t he  la rge inventory. 
FIGURE J-3 
HEATED AND INSULATED FINE ORE BIN 
FIGURE: J-4 
ECLAIM POND FLOATING PUMP HOUSE 
E l e c t r i c a l  power i s  generated Loca l ly  a t  t he  Whitehorse Rapids hyd roe lec t r i c  p l a n t  on the 
ukon River  by the Northern Canada Power Commission. Average monthly consumption i n  1975 was 
,584,000 kwh. The requirements f o r  crushing, m i  l l i n g  and recyc l i ng  o f  water everage 24.7 kwh 
e r  t on  o f  ore. The power cos t  i n  1877 was epproximately th ree cents p e r . k i l o w a t t  hour, 
Meintenence can be provided by b r i n g i n g  s k i l l e d  people f rom outs ldb  UII u ~ . ~ a n i z a t i o n  on an 
s needed bas is  o r  by keeping men w i t h  the  requ i red  s k i l l s  on the payro l l .  Whitehorse Copper 
anagement b e l i e v e s  t h e  L a t t e r  method i s  most  e f f e c t i v e .  An employee c e n t e r e d  approach i s  
aken i n  d e v e l o p i n g  t h e  r e q u i  r e d  in-house s k i  1  1s t h r o u g h  a p p r e n t i c e s h i p  t r a i n i n g  programs. 
hey a l s o  g i v e  L i b e r a l  i n c e n t i v e s  Par c o s t  s a v i n g  idees.  T h i s  a t t i t u d e  has p a i d  o f f  as t h e  
aintenance department can do near ly  every repei  r requi  red  from b u i  l d i n g  hydrau l ic  cy l i nde rs  t o  
ebui l d i n g  d i e s e l  motors. The department a l so  performs cons t ruc t i on  work such es i n s t a l  l i n g  a 
ew underground crusher, b u i l d f n g  a  cover f o r  the  coarse ore  s t o c k p i l e  and moving 120,000 cub ic  
ards o f  m a t e r i a l  each yea t a i  l i n g s  ~ u l d  be 
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The w n i t e n o r s e  Copper m ine  i s  f o r t u n a t e  t o  be Located on t h e  A laska  Hig,,,,,y a,I 
Leven k i l ome te rs  (7 mi les1 f rom Whitehorse, the  c i t y  i n  t he  Yukon Te r r i t o r y .  ~ l t h o u ~ h  
o t  many s k i l l e d  workers a r e  a v e i l a b l s  i n  Whitel rp. 12,0001 the re  a r e  young men avaf la- 
l e  t o  s t a r t  as Laborers  and g a i n  t h e  r e q u i r s d  I Labore rs  e a r n  56.50 p e r  hou r  b u t  can 
dvence r a p i d l y  as s k i l l s  a re  Learned and earn mc b example, t he  f l o t a t i o n  operators earn 
9.10 p e r  T h i s  emph n  t r a i n 1  Large c i  
e s u l t e d  l r n o v e r  r 1 0  t o  I I i s  Low 
n r the rn  I ~ n .  
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APPENDIX K 
. OTHER CANADIAN MINES 
:n ia s e c t i o n  s e v e r a l  o t h e r  m i n i n g  p r o p e r t i e s  Located i n  t h e  c o l d  r e g i o n s  o f  N o r t h  
imerica are b r i e f l y  described. These p r o p e r t i e s  were chosen f o r  i n c l u s i o n  because each has 
it charac ter ia t lc .  Other northern mines were omi t ted  from t h i s  discua- 
nformet ion i s  ava i lab le  f o r  them. 
iome u n i ~  
;ion becs 
qua o r  sl 
luse no t  
i g n i f i c s r  
enough i 
M v i  k Mina 
The f a r t h s s  
managed by Comln 
mi les  no r th  o f  RI 
mean annua 1 tempe 
been i den t i f i ed .  
mine i n  N o r t h  America i s  t h e  P o l a r i s  Mina owned by A r v i k  Mines and 
s r i c h  l ead  z i n c  mine i s  Located on L i t t l e  C o r n w a l l i s  I s l a n d  s i x t y  
Northwest T e r r i t o r i e s  [see Figure K-11. The c l ima te  i s  a r c t i c  w i t h  a 
f 2.R0~. Twenty m i  L l l o n  tons o f  20 percent combined Lead z inc  ore has 
t n o r t h  
ten. Thi 
The s h i p p i n g  season a t  A r v i k  i s  L i m i t e d  t o  s i x  weeks, b u t  even so t h e  ah ips  have 
s t reng thened  h u l l s  f o r  I c e  Loads and, a t  t imes ,  r e l y  on Jce b reake r  support. ALL bu t  Ldings 
were prefabricated. A d e ~ e l i n i z a t i o n  u n i t  provides f resh weter. D r i  l l i n g  i s  w i t h  s a l t  water 
a t  a concentrat ion o f  one pound o f  calcium ch lo r i de  per ga l l on  o f  Sea weter. 
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underground mine, a r s o o r o  wee s e t  by J.S. Redpeth, Ltd, f o r  
Dursma~u IIIUIIbll, the 24 man crew advanced 1302 equivalent  f ee t  end i n  85 days, 
Law p r o f  cubic yard Loaders and one Low p r o f i l e  13 ton  dump t r u c k  were 
he nine en foo t  opening. 
1387 feel 
rsed i n  c 
Tha 
. . .  - 
B!luEmx 
Cass ia r  s A s b e m t o ~  mine i s  l o c a t e d  nea r  t h e  summit  o f  MeDeme Mounta in  i n  n o r t h e r n  
B r i t i s h  Columbia. The mine i s  owned and operated by Casaier Aebestos Corporation Ltd. I t  l a  
I 100 m i l e s  southwest  o f  Watson Lake, Yukon T e r r i t o r y  [sqe F i g u r e  K-11. The remote  
I l o c a t i o n  and t h e  f a c t  t h a t  t h e  town i s  shaded by t h e  mounta ins  g i v e s  Cass ia r  many 
. I s t i c s  o f  a subarc t ic  location. Ore i s  brought f rum the mountain mine t o  the  m i l l  on 
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ther remote mine locatlone, Caesier sxperiences a h igh  labor turnover which a t  
s 200 p e r c a n t  p e r  year. To h e l p  cope w i t h  t h i s  prob lem t h e  company has an 
~g program t o  adept the  newcomers. 
soppermine 1s a ama i l  town on the  A r c t i c  coast o f  the  Northwest T e r r i t o r i e s  [see Figure K- 
I]. Many companies are ac t i ve  i n  minera l  exp lora t ion  i n  t h i s  area, bu t  the only surfacm access 
I s  a w i n t e r  road f rom Hay R ive r ,  wh ich  c roases many lakes. Depos i t s  o f  copper o r e  have bean 
Pound which may develop i n t o  mineable ore. 
Se VE 
r r  v e r i f l  
~ f f e c t l  vr 
---I I - - - ,  
r r a l  axp lora t ion  tachniquas and ideas adaptable t o  permafrost eraas have been developed 
c led i n  the Coppermine Rivar area. The use o f  induced p o l a r i z a t i o n  methods has proven 
I I aa they d i d  a t  Pine P o i n t  [sae Appendix GI. Permafrost may indeed l i m i t  weathering 
bna L U U G ~ ~ ~ O  bu t  ~eochemica l  exp lora t ion  methods are nevertheless useful. Continuous perma- 




,,, ,,,,.d, ~ o L i f L u c t l o n  and f r o s t  b o i l s  a l s o  a c t  as p h y s i c a l  d i s p e r s i o n  agents. A 
#om a f r o s t  b o i l  gives e sample from the B s o i l  horlron. Work i n  the Coppermine River 
cstes t h a t  bur ied  deposits i n  the  A r c t i c  may ba detectable i f  they i n te rsec t  the thaw 
Lake o r  r i v e r .  
I - l lu.  I I 
ample f r  
ree i n d i  
u l b  o f  a 
!3a 
a k a .  Nar 
-. --G near L..-. . -.-thwest Te r r i t o r i es ,  i s  the s f t e  f o r  two neighboring mines, the Echo 
Bay and the  Eldorado [see Figure K-11. P r i o r  t o  World War 11, radium oxidm was mined i n  t h i s  
area. Latar, the emphasis srr l tched t o  uranium. Unt i  1 1960, the Eldorado Mining and Ref in ing  
Compeny mined uranium. When reserves were depleted the  mine was closed. I n  search o f  s i l v e r  
the Echo Bav mlne was opened nearby i n  1964, end the Eldorado M i l l  was reec t l v i a ted  t o  concan- 
ra te  the ore. The concantrator recovered 98 percant o f  the s i  l v e r  from the ore averag- 
ng 50 t o  ices o f  s l  l v e r  p e r  ton. The Echo Bay mine was dep le ted  i n  1974. Since t h a n  
ha Eldor haa reopened as a s i  l v e r  mine. 
--, . -  
sf l v e r  
I I 0 0  oun 
ado mine 
The 
n the  s u ~  
season 
two and 
f o r  the Eldoredo Mine 18 by water routes f o r  two end one h a l f  rnonthe 





Kn i f i  
has boa In mined near Yellowknife, Northwest Territories, since 1938. H ln ing  I s  pre- 
en t l y  betng conducted on Great Slave Lake by Cominco a t  the  Con and Rycon Mines and by Giant 
" '  n i n l n g  i s  by underground f a  Gold 
he Giant 
. . .  
Mines L t  
Yellowk 
methods. 
i n  a rot  19, gold i s  concentrated f e t i n g  process ther  Leeva 
a r s e n i c  t r i o x i d m  by prod^-.. ... J pe rme f ros t ,  wh ich  ex tends t o  270 f e a t ,  I s  u t l l f z e d  f o ~  
Lerga roome are excav s t  i n  t t  
vents ground weter movemr 
torage 0 
enging w 
~ r s e n i c  1 
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:rloxlde. 
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le greenr 
When I The tempera tu re  o r  t n a  v e n t i l a t i o n  a i r  i s  c o n t r o l l e d  by O I L  f l r e d  heaters.  t i a  
nd a atope t o  the  ovarburden leve l ,  c o l d  a i r  I s  c l r c u l e t e d  t o  the stope u n t i l  
o prevent r o o f  col lapse due t o  thawing af the ovurburden. Once mlned out  the  
t o  axta 
ed out  t 
see lad. 
uliuooo 1 - 1  
t i s  min 
tope i e  
randuE 
New l~ imarleen Smeltfng and Ref in ing  o r  anduc Operetlng C 
tne ljraauc tiopper Mine, 25 e l  r m i  Les no r th  o f  Stewart, B r i t i s h  Columbia [see Figure K- 
n i n e  i s  Located h igh  i n  the Coast Mountains i n  an area o f  permafrost, i c e  f l e l d s  and 
eevy snows. The avaraga anow f a l l  a t  the m i l l  s i t e  I s  700 inchee o f  wet heavy snow each year. 
ecess t o  t he  mlna i s  i n  two edi ts;  one 7000 f e e t  Long and the  other 54,500 f a e t  Long. I n  198g 
eeervee were eetimated a t  43 m i l l i o n  tons of 1.73 percent copper. 
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Tha m a t s  an avalanche danger t h a t  was no t  recognized u n t i l  1985 when an 
va Lancha l n e  cemp and took twenty-six Livea. The camp wes r e b u i l t  bu t  i s  used 
n l v  d ~ r i n r  ~ t w  UTUUWIW UI  March 1 t o  November 15 when the  avalanche denger I s  Low. 
The Gransi l a  Copper Mine i s  Loceted on McDonald I s l a n d  i n  Bebine Lake, B r i t i s h  Columbla 
see F l g u r a  K-11. The mine I s  ope ra ted  by Granby M i n i n g  Company Ltd. Here t h e  t a t l i n g s  
i s p o s e l  p rob lem has been s o l v e d  by c o n s t r u c t i n g  two d i k a s  between two s m a l l  i s l a n d s  and 
. i l l i n g  the  r e s u l t i n g  pond. Eighty percent o f  the t a l l i n g s  water i s  reclaimed f o r  reuse i n  the 
m 
, 8,500 f a e t  from shore, i s  by barge, The barge route i s  kept  open i n  
t ns  w ln te r  wnen Lake I ce  grows t o  24 inches by suspending 6,500 fee t  o f  per fora tad pipe t o  near 
e i s l a n d  
. . 
the lake bottom end pumping a i r  through the pipe. The r i s i n g  column o f  e i r  bubble8 br ings  werm 
weter from the Lake bottom t o  the  surface, c rea t i ng  an i c e  f ree  chennel. 
Merv Is land.  B a f f i n  IsCand I r o n  Mine8 
A Large-scale high-grade i r o n  d e p o s i t  e x i s t s  350 m i  Les n o r t h  o f  t h e  A r c t i c  C i r c l e  on 
Ba f f i n  Is land,  Northwest T e r r i t o r i e s  [see Figure K-11. Reserves ere est imated t o  be 127 m i l l i o n  
t o n s  o f  68 p e r c e n t  i r o n .  A l t hough  t h e  p r o p e r t y  i s  a w a i t i n g  b e t t e r  market  c o n d i t i o n s ,  much 
d e t a i l e d  e x p l o r a t i o n  work has bean c a r r i e d  out. Du r ing  t h i s  p e r i o d  t h e  o p e r a t i o n  has been 
suppor ted by a i r c r a f t  l e n d i n g  on a f r o z e n  Lake a d j a c e n t  t o  t h e  camp. The Lake a i r f i e l d  i s  
usab le  u n t i  1 e a r l y  J u l y  each year. Many Loca l  Eskimoa were h i  r e d  and t r a i n e d  f o r  t h e  work. 
The p r o j e c t  managers ere  w e l l  pleased w i t h  t he  performance o f  theee workers. 
Nani s i  v i  k 
The Minera l  Resources I n t e r n a t i o n a l  Ltd. cooperatad w i t h  the  Canadian government t o  devel- 
op t h i s  Lead z i n c  d e p o s i t  Located on B a f f i n  I s l a n d  [see F i g u r e  K-11. The s h i p p i n g  season i s  
L imi ted  t o  August and September, requ i r i ng  extensive storage f a c i l i t e s  and rap id  sh ip  Loading 
f a c i l i t i a s .  Reserves ere est imated t o  be 6.69 m i l l i o n  tons o f  14.7 percent combined Lead zinc. 
The mining i s  by underground methods. 
Because o f  the  many bene f i t s  t h a t  development o f  t h i a  deposit would b r i n g  t o  the people o f  
Canada, t h e  government agreed t o  f i n a n c e  some o f  t h e  i n f r a s t r u c t u r e  i n  exchangs f o r  an 18 
pe rcen t  i n t e r e s t  i n  t h e  p rope r t y ,  The government p a r t i c i p a t i o n  i n c l u d a d  f i n a n c i n g  o f  t h e  
a i r p o r t ,  roads, dock end town f a c i l i t l e e .  As p a r t  o f  t h e  agreement, t h e  eompeny must work 
toward employment o f  I n u i t  na t ives  f o r  60 percent o f  the crew. 
D u r i n g  development o f  t h e  d e p o s i t  b e f o r e  t h e  a i r f i e l d  was cone t ruc ted ,  a i  r suppo r t  i n -  
cluded t w i n  o t t e r ,  DC-3 and 737 n i  r c r a f t  Landing on Strsthcona Sound, Tho frozen ore i s  being 
d r i l l e d  dry t o  e l im ina te  the problems associated w i t h  using s a l t  water f o r  the d r i l l s .  Power 
p l a n t  waste heat i s  used t o  dry concentratee end the  m i l l  process water i s  heated. 
N o r t h  Rank in  N i c k e l  Mines Ltd. i s  Located 82O49t N o r t h  L a t i t u d e ,  320 m i l e e  n o r t h  o f  
Churchi 11, Manitoba, on Hudson Bay near Rankin I n l e t  [see Figure K-11. The mine wee c losed i n  
1963, a f t e r  t en  years of production, when the  reserves were depleted. The n i c k e l  content o f  
t h e  o r e  was 3.14 pe rcen t ,  and f o r  copper was 0.92 percent .  D r i  l l i n g  i n  t h e  underground mine 
was w i t h  s a l t  wa te r  o b t a i n e d  f rom a w e l l  d r i  LLed t o  be low t h e  permaf r o a t  Level. T h i s  s e l t  
weter wae tw i ce  as sa l i ne  a8 sea water. The d r i l l s  using t h i s  weter required frequent lubr ica-  
t i o n  and p a r i o d i c  overhaul .  Mined o u t  a rsae were b a c k f i l l a d  w i t h  i c a  wh ich  f r o z e  s o l i d ,  
e l l ow ing  min ing  o f  the p i l l a r s .  The ore  wes m i l l e d  I n  a pebble m i l l ,  e l im ina t i ng  the need t o  
sh ip  e t e e l  b a l l s  t o  t he  mine. 
h e a l  na t i ve  Eskimos were t ra ined  f o r  many o f  the  Jobe and suppl iad w i t h  houses super io r  
t o  the ones thay were accustomed t o  i n  the v i  Llege. Th is  served es en incent ive  t o  work a t  the  
mine but  unfor tunetely,  when the  mina closed, the t ra ined  na t i ve  workers were unemployed again. 
Some found work canning f i s h  o r  making a r t  objects. 
I r o n  M i n e  
Three compenies produce i r o n  ore from the Quebec Labrador border area. Production began i n  
t h e  m i d  1950's w i t h  t h e  development o f  I r o n  Ore Company i n  Canada's Knob Lake depos i t ,  des- 
c r ibad i n  Appendix F. Other mines south o f  Schefferv i  l l e  [Knob Lake1 include I r o n  Ore Compmny 
o f  Canade'e C a r o l  Mine a t  Labrador C i t y ,  Webush Mine 's  S c u l l y  Mine a t  Wabush C i t y ,  Quebec 
Car t ie r la  Lee Jeenina end F i r e  Lake Mines a t  Gegnon, end i t s  Mount Wright mine a t  Fremont [sea 
Figures K-I and F11. The i r o n  i s  shipped by r a i l  from a l l  three t o  po r t s  on the St. Lawrence 
Seaway. These minee heve no permafrost  end experience few co ld  weather problems. They e l l  
rrroer co ld  weather s t e e l  components on equipment, use heated cabs and u t i l i z e  low v i scos i t y  
Lubricants i n  the w in te r  months. 
mine a t  Lec Jeanine I s  now depleted and shut down, bu t  when i t  was i n  operat ion i t  wes 
LIIW unLr mine i n  t h e  w o r l d  t o  u t i l i z e  a t r o l l y  t o  a s s i s t  t h e  d i e s e l  e l e c t r i c  t r ucks .  t h i s  
I t r a v e l  t h e  e i g h t  p e r c e n t  grade a t  1 4  t o  1 6  m.p.h. as opposed t o  4 t o  6 m.p.h. 
I 
mine a t  Mount W r i g h t  i s  new, commencing o p e r e t i o n  i n  1975. I t  u t i  l i r e 8  a computer 
:on+roL system f o r  s c h e d u l i n g  t rucks .  L i k e w i s e  t h e  town o f  Fermont was designed w i t h  t h e  
lessons Learned a t  Gagnon i n  mind. Wives o f  pe rsonne l  a t  Gagnon were c o n s u l t e d  and t h e i r  
suggest ions  were i n c o r p o r a t e d  i n  t h e  des ign o f  Fermont t owns i te .  T h i s  arae o f  auebec has 
strong winds year round, and the designers o f  Fermont took t h i s  i n t o  account. On the up wind 
a 2,600 f o o t  Long f i v e  s to ry  b u i l d i n g  ac ts  98 a very e f f e c t i v e  wind screen. :he town 
But te  Coel Mlna 
CYPl 
was used 
have a m 
foreman 
Po rcs  . 
rus A n v i l  M in ing  operated a amal l  coa l  mine near Carmecks, Yukon Ter r i to ry .  This coa l  
t o  d r y  t h e  c o n c e n t r e t e  produced a t  t h e  Anv i  1 Mine. Coel  l a  beck-hauled t o  Anv i  1 by 
ene concentrate t rucks  re tu rn ing  from Whitehorse. Mining o f  the steeply d ipping seem i s  by 
~nderground room end p i l l a r  methods. Most o f  the work i s  done by hand. The mineable under- 
ground deposit i s  now mined out, Coal was hauled t o  the bunker i n  wooden cars o f  one end one 
i a l f  ton  capacity. These ears were p u l l e d  by a ba t te ry  powered Locomotive. Mine output was 
seventy tons per day. The mine u t i  l i z e d  c h i e f l y  l o c a l  Ind ten workers who were no t  required t o  
work eve1 They worked when they wished, the c h i e f  requirement baing t h a t  they arrange t o  
ch day t o  insure product i  mine superintendent, the mine 
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